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PREFACE 


S ince the appearance of the series of papers entitled "Principles 
and Practice of Yeast Production ' 1 together with previous 
papers discussing various aspects of yeast technology in the 
American Bracer the author has received requests from several 
countries that the various articles should be gathered together m 
book form. The present work is based upon the American Brewer 
articles but contains a great deal of further material necessary to 
produce a reasonably balanced account of the properties and 
technical employment of the Yeasts. 

The present work aims at a presentation of some of the important 
biological factors governing yeast growth and development, to¬ 
gether with an account of modern methods used in the industrial 
propagation of yeasts, It is emphasised that, although most of the 
research work upon which some of the broad conclusions of 
certain of the chapters of this book are based has been carried out 
using a baking strain of Saccharoses, the broad biological con¬ 
clusions probably apply to many of the other yeasts now used in 
modern fermentation processes. Thus, the scientist studying the 
growth of Torula u til is, Rhodotorula gracilis and many other 
organisms needs to know the reactions of his organism to many 
of the external conditions (aeration, temperature, growth factors, 
inhibitory substances, and so on) which are shown to play such a 
vital part in the successful propagation of Saccharomyces yeasts. 
In addition, 3t is hoped that much of the work on yeast growth and 
fermentation may be of basic interest to beer brewers; for readers 
in this industry the specialist chapter on brewing yeasts has been 
kindly contributed by Dr. C, Rainbow, Lecturer in Biochemistry 
in the Brewing and Applied Biochemistry Department, Univer¬ 
sity of Birmingham, one-time chemist at the Bass Brewery, 
Burton-on-Trent, and one of the first workers in this country on 
the bios complex. The chapter discussing Yeasts in the Baking 
Industry was written by Mr, A. J. Tipper, Lecturer in Baking 
technology, College of Technology, Birmingham. Mr. J. Park, 
B-bc., KR.LC, kindly provided the short notes on estimation 
oi certain vitamin B factors at the end of Chapter IX, 

It is possible, therefore, that the present volume may be of some 
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interest to food technologists, chemists, and biologists engaged in 
all branches of the fermentation, brewing, and baking industries, 
whilst some of the more academic chapters may be of use to 
scientific workers in universities and technical colleges. 

Much of the work discussed herein is comparatively new and 
details are not available ’without reference to original papers* No 
apology is made, therefore, for the very full presentation of the 
experimental details of many of the methods used and the results 
obtained. It gives great pleasure at this point to emphasise that 
much of the work discussed in Chapters VIII, IX, X, XV, XVIII, 
XIX, and XXI is based on work published in fruitful collaboration 
with Mr, Di J, Munns, B.Sc., A.R.LC., to whom the author is 
indebted for much helpful advice and criticism* 

Many thanks are due to the Directors of the Tower Yeast 
Company Ltd., Aston Cross, Birmingham, 6* England, in whose 
laboratories much of the experimental work was carried out and 
especially to Mr. D. Mackenzie, A.R.I.C,, for encouragement 
and counsel, 

Chapters VIII, IX, X, XV, XIX, XX, and XXI are substantially 
based upon papers published in the Journal of the Institute of 
Brewings and the reproduction of some of the printed material 
including tables and figures is by permission of the Editor of the 
Journal of the Institute of Brewing, Professor L A, Preece, D.Sc., 
Ph*D.,, F.R.I.C, F.R.S.E., to whom the author is indebted for 
much valuable criticism in the initial presentation of this published 
material 

Thanks are due to the managers of the American Brewer for 
permission to reprint the articles comprising Chapter I-VI and 
XI-XIV. The author would particularly wish to thank Dr, 
Stephen Laufer and Mr. Earl D. Stewart for their help in the 
presentation of these articles and in the advice they have given 
upon certain aspects of American manufacturing practice. Dr. 
Laufer s help and interest in the subject has done much to make 
certain parts of this book possible in the present form. 

Chapter X\ II, discussing “Microbiological Control of Yeast 
Growth Processes appeared in IValter stein Laboratories Com¬ 
munications (September 1950) and is reprinted by kind permission. 
The author is grateful to Dr, Philip P. Gray for his ready help in 
this connection, especially in making the illustrative material 
available. Much of t hapter XVIII has also appeared in Waller stein 


vi 



PREFACE 


Communications and is reproduced by courtesy of Wallerstein 
Laboratories. I he Figs, 46-S and 52 -4 illustrating Chapter XVII 
are reproduced from photographs taken by Mr. K. Parry. 

Several photographs of plant used m the production of yeast 
and in general brewing work were very kindly supplied bv the 
S. J, A . Ahtiebolaget of Stockholm, Sweden, and by the Alfa 
Laval Company, Brentford, Middlesex. Messrs, D. R, Sperry 
and Co,, of Batavia, Illinois, were good enough to supply the 
photograph of a modern filter press. The chart (Fig. 4) showing 
the classification of the Endomycetaceae was very kindly supplied 
by Dr. E t M. Mrak of the University of California. 

It should be pointed out that when a book of this kind makes its 
appearance many details included in its text may result from day- 
to-day conversations and discussions with colleagues and friends 
interested in the diverse subjects covered, and general conclusions 
are often the experience not of one person but of the synthesis of 
many. In this sense the author is grateful to several people not 
actually mentioned by name in this Preface, 

The author must express his sincere thanks to Messrs. G. Parr 
and E* W, Hamilton of Messrs. Chapman and Hall Ltd. for the 
great care they have taken in the production of this book. 


May 22nd, 1951 , 
Birmingham . 


John White 
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CHAPTER I 


CLASSIFICATION, IDENTIFICATION, AND INDUSTRIAL 
IMPORTANCE OF THE YEASTS 

Classification and taxonomy 


F ROM the point of view of the systematic mycologist it is 
impossible to classify all the yeasts together into one large 
family Yeasts may be divided into two main groups—the first 
contains all the yeast-like organisms which have a perfect stage 
and which are capable of forming ascospores; the second smaller 
group consists of all the other yeast-1 ike organisms which have not 
been found to have a perfect (sexual) stage. The first group of 
organisms are classified as the family Endomycetaceae amongst 
the A$comycete$ t whereas the non-sporing types (Asporogenous 
yeasts) must be regarded as belonging to the Fungi Imperfecii. 

Both groups belong to the Kumycetes (true fungi). Fig, ] 
illustrates the systematic position of the EumyceUs in the plant 
kingdom and the subdivision of the Kumycetes into five main 
classes including the Asmmycetes and the Fumy Imperfecii is 
illustrated in Fig* 2. Fig. 3 illustrates the position of the spore¬ 
forming yeasts (Endomycetaceae) amongst the Ascomycetes. 


The Endomycetaceae (spore-forming yeasts) 

Much work still remains to be done upon the classification of 
the yeasts in the Endumycetaceae. Fig, 4 gives a broad division of 
this family according to the monumental work of N. M. Stelling- 
Dekker(l). The chart illustrating this classification is repro¬ 
duced by kind permission of Dr* E. AI. Mrak, University of 
California (2), 

It will he seen that the family hudoHiycvtuccGg ]s divided into 
four sub-families: 


(1) Eremmcoideae. 

(2) Endomycoideae, 

(3) Saccharomymdeae. 

(4) Netnaiosporoideae. 

1 
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ASCOMYCETES 


„ ^ 1 —“—----n 

PLECTOMVCETES 0JSC0WVCETE5 PYRENOMYCETfS 

I-^-i -"I 

PLECTASCALES ERYSEPHALES LYOASCAlES 

I-'--1 

iNOOMYCETACEAr ASPERGILLACEA£ 

(Spore-forming ELIROTlUM 

y* a ^) PENICILUUM 

PiG, 3,-“Ck£5ificatbn of the Endomycetaceae (spore-forming yeasts) 
amongst the Asccmycetes, (There are more than 15,000 species within 

this classJ 


EREMASCG1DEAE 

This contains one important genus, Eremascus. Vegetative 
growth is mycelial; asci are formed by isogamie conjugation (i.e, 
conjugation by two equal cells), giving hat-shaped ascospores. 


ENDOMYCOIDEAE 

The normal thallus is formed of mycelium with otdia or by 
oidia alone. Multiplication is by transverse fission. There are two 
genera: 

(1) Schizosatcharomyces. Thallus consists only of oidia. The 
ascus is formed by isogamic conjugation, giving 4 to S round 
spores, 

(2) Endomyces. This has a mycelium, multiplying by oidia. 
The ascus is formed by conjugation of unequal cells {hetero- 
gamic conjugation) or from single cells with no apparent 
conjugation (ie. by parthenogenesis). The four spores are usually 
hat-shaped. 


NEMA TOSPORO IDEA E 

Ihis sub-family gives vegetative single cells or sometimes a 
mycelium. The three genera are as follows: 

(1) Monosporelfa. 

(2) Nmatospora, 

(3) Coccidiascus. 

'Hie sub-famity is unimportant industrially. 

3 



YEAST TECHNOLOGY 


SA CCHAROM YCOIDEA E 

This sub-family is the most important of all. Thallus can be 
reduced to the state of single cells or sometimes is formed by a 
typical mycelium multiplying by con [dial buds or by oldia* There are 
three tribes, Endoniycopseae, Nadsonieae and Saccharomycetaceae. 

The tribe Endomycopseae consists of one genus, Endomycopsis. 

Endomycopsh* The thallus consists of mycelium multiplying by 
conidial buds and sometimes by oidia, multiplication being both 
by fission and by budding. The ascs are formed by both partheno¬ 
genesis and heterogamic conjugation and ascospores can assume 
various shapes. 

The tribe Nadsonkae is formed of organisms which normally 
have a thallus consisting of apiculate, elongated cells, new cells 
being produced at each pole by a modified system of budding. 
The three genera are; 

(1) Saccharomycodes. There is regular conjugation between the 
ascospores. The ascus contains 4 round, smooth ascospores. 

(2) Nadsonia, The ascs are formed inside a zy gote bud formed 
from a heterogamic conjugation and there are 1 to 4 ascospores. 

(3) Hameniaspora. There are 1 to 4 ascospores contained in the 
ascus, which is formed parthenogenetically. The vegetative cells 
are sharply pointed (apiculate). 

The tribe Saccharomyceteae is by far the biggest and most 
important, containing most of the industrially-important yeasts. 
The thallus normally consists of single cells which only form rudi¬ 
mentary mycclia. Multiplication is by budding giving variously 
shaped ascospores. The tribe may contain as many as 9 genera as 
follows: 

(1) Saccharomyces. Stelling-Dekker lists 24 species and 12 
varieties of this genus. Cells are usually oval, round, or slightly 
elongated, forming a mycelium occasionally. Spores are usually 
round, hat-shaped or kidney-shaped (rent form). The cells pro¬ 
duce fermentations. 

(2) Zygosacchammyces. Cells are round, elongated or oval* Ascs 
are formed after isogamic or heterogamic conjugation and there 
are normally 1 to 4 kidney-shaped spores. The cells produce 
oxidations and fermentations. Stelling-Dckkcr records 17 species. 

(3) ToruUtspora. The cells are round and asci are formed 
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parthenogenetically, giving 1 or 2 smooth, round ascospores. The 
cells normally produce fermentative reactions* 

(4) Pkhia, [ he genus normally promotes oxidations. Cells are 
oval or elongated, sometimes forming a film. Ascs are formed 
parthenogenetically. 

(5) Zygopichia. r | he asc is formed by isogamic or heterogamic 
conjugat i om The organisms normally promote o \ idative react 1 ons, 

(6) llansemtia. This genus was formerly known as Willia and 
oxidative and fermentative reactions are promoted. A pseudo- 
mycelium is sometimes formed and the yeast can utilise nitrate as 
nitrogen source, Ascs arc formed parthenogenetically and the 
shape oi the ascospores is most characteristic, being hat-shaped 
with brim. 

(7) Zygohamemda. Organisms very similar to Hansenuia but 
die ascospores are produced after isogamic or heterogamic 
conjugation. 

(8) Debaryomyces. Cells round or oval, seldom with a primitive 
mycelium. Conjugation heterogamic or isogamic, giving 1 to 4 
globose (globe-shaped) ascospores. Fermentations and oxidations 
are produced. 

(9) ScJmanniomyces. Cells are oval or round, a primitive 
mycelium occasionally being formed. Reactions are primarily 
fermentative. Ascs are formed parthenogenetically, giving a 
characteristic retort-shaped ascus, The 1 or 2 ascospores are 
characteristically verrucosc (warty) and have a projecting filament. 

The asporogenous yeasts (non-spore-forming yeasts) 

Hg. 5 illustrates the broad classification of the asporogenous 
yeasts. This is based on the work of J. Lodder(3). Ladder places 
these organisms into three families: 

{1) A ectanmycelaceae . 

(2) RhodoUmdaceae > 

(3) Torulopsidaceae. 

NECTA ROM YCETACEAE 

These arc conidia-producing yeasts of no practical interest. 
1UIODOTOR LI. A CEA E 

Ihtse yeasts produce carotinoid pigments and give yeast 
colonics coloured red, pink, orange, or yellow. There is one genus, 
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SCHIZOBLASTOPORION 

KLOCKERA ( Oval-lemon shaped ceils)* 

TORULOPSIS { Normally round cells. Includes many important torula types, e.g. T, utllls). 

MYCODERlvlA (Form wrinkled skins on alcoholic liquids- Oxidise alcohol wastefully'). 

1’ic, 5. The Asporogenous Yeasts- (Lotlder’s classification). 
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Rhodoioruia. Most of these yeasts are commonly encountered in 
air and dust and, so far, have not been found of much practical 
use, apart irom one organism, Rhodotonda gracilis, which has been 
used lor fat production. Loddcr regards these organisms as 
possibly being imperfect forms of the genus Sporobalomyces, a pink 
yeast having a perfect stage similar to that of a typical Bastdiomy- 
cete —the spores in this organism can he “dehisced' 1 or shot out of 
the spore container (basidium) so as to form a “mirror'’ colony on 
the lid ot a petri dish opposite a mature surface colony of the 
organism growing on a wort agar plate. 

TORULOPSIDACEAE 

This family can be split into two sub-families: 

(a) Mycotoruhideae. 

(b) Torulopsidaideac, 

MYCOTORULOIDEAE 

Yeasts in this sub-family may form a pseudo mycelium. One 
genus, Breitanomyces^ is of considerable practical Importance in the 
beer brewing industry, being often encountered in British and 
European breweries and may be responsible for much flavour 
development in the maturing stages. It can form film growths and 
often lias elongated cells with pointed ends, ft can produce and 
withstand high alcohol concentrations. 

TORVLOPSIDOIDEAE (formerly TORULOPSOIDEAE) 

1 his sub-family contains seven genera: 

(1) Trigonopsis. 

(2) Asporomyces, 

(3) Pityrosporum. 

(4) Schhoblasioporion . 

( 5 ) Klockcra. 

( 6 ) Tortdopsis. 

(7) My coder mi i. 

1 he first four genera are of little practical interest. 

K tucker a* 1 hese organisms can occur on grapes and have oval, 
apiculatc (lemon-shaped) cells exhibiting bipolar budding. They 

tnay be regarded as imperfect forms of Hanwtiaspota with which 
they occur in nature. 
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Toridopsis , The cells are round or oval and only seldom elongated. 
The genus includes many wild yeast types, including the very 
Important Torula utilts (Henneberg). 

Mycoderma. Some of these yeasts are very similar to Hansenula 
and Pichia yeasts and may be imperfect forms of the latter* They 
form very characteristic wrinkled, often thick, tough skins on the 
surface of alcoholic liquids and wastefully oxidise alcohol. 

Classification of yeasts according to “bios** requirements 

A novel attempt at the classification of various yeast strains, 
especially in the Sacckaromyces> has been described by A* S. 
Schultz and L* Atkin (4), Requirements of (1) inositol, (2) panto¬ 
thenate, (3) biotin, (4) aneurin (thiamin), (5) pyridoxin, (6) 
thiamin and pyridoxin, (7) nicotinic acid, are estimated in a 
standard basic medium. If a yeast needs pantothenate and biotin 
for full growth it would be referred to as Saccharomyces cerevisiae 
23, etc., etc. 

Identification of yeasts 

In common with fungi and bacteria the identification of yeasts 
is often a very difficult task and it is usually necessary to carry out 
work upon the life history and physiological properties of an 
organism in addition to doing careful morphological work in order 
to identify a yeast completely. 

Morphological tests. These include size and shape of cells, 
appearance of spores, method of spore-formation and germina¬ 
tion, size and shape of spores and ascospores, methods of cell 
copulation, etc. Methods of asexual propagation {e>g+ of budding, 
fission, etc.) are of prime importance in yeast identification* 

Cultural characteristics* Nature and amount of growth on 
surface or sub-surface in standard liquid and solid media are care¬ 
fully studied along with the size, shape, colour and general 
characteristics of colonics on standard solid media containing 
various fermentable sugars* 

Physiological tests* Biochemical tests to investigate the action 
of the organism upon various substrates are carried out. The fer¬ 
mentation of the common sugars, tests for oxidation of weak 
alcoholic solutions (particularly useful for Mycoderma species), 
tests for utilisation of nitrate as nitrogen source are all standard 
tests, hxtent ol fermentation of raffinose is often used to sort out 
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yeasts which secrete invertase and melibiase. (See also Chapter 
XXVIL) 

Speculation* This is a most useful characteristic, and careful 
tests are carried out upon standard media to sec whether the 
organism will sporuhue and over what range of temperature 
speculation will take place. The time for a yeast to sporulate under 
carefully standardised conditions is often a most useful test and 
much data is available upon the period necessary for spoliation 
under set conditions in standard media. Temperatures necessary 
for sporulation in certain yeasts and much other information on 
yeast identification may be found in the text-book by Guillicr- 
mond(5) and in many other places(6,7)* 

Growth factor requirements* The identification of yeasts by 
a survey of their growth factor requirements by the methods of 
Schulte and Atkin lias been previously discussed. 

Industrial importance of the yeasts 

Many of the yeasts are today used in industrial processes of 
great economic importance* To offset their usefulness to man in 
this direction there are many yeasts of considerable nuisance value 
in industry and in the home. 

The present hook deals with the use of yeasts in the baking, 
brewing, and food and fodder industries and the principal organisms 
used in these industries are various strains of Saccharomyces 
eetevisiae t and oi /outfit utilis. Sactharoinyces cerevisiae is also 
used as the chief yeast in the distillation industries and glycerol is 
produced from this yeast by growing it in the presence of sulphite, 
bisulphite, or under alkaline conditions^* 9, 10)* 

The great wine industries are based on the use of Saccharomyces 
ettipsoideus. In addition to producing a high alcohol yield, this 
yeast imparts a characteristic bouquet to the fermented product, 

Saccharomyces carhbergemis is a typical lager yeast. 

Saccharomyces sake is the typical yeast used in the production 

of H ‘sake"—the standard Japanese alcoholic beverage* Sake is made 
by saccharifying rice starch by enzymes from Aspergillus oryzae 
and fermenting the sugary mash with the yeast, 

Sckhosaccharomyces pombe is used in' the production of a 
fermented drink from sprouted millet seed. 

Saccharomyces mallei is of great importance in the manufacture 
or cider. 
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Saccharomyces pyriformis in conjunction with Bacterium vermin 
forme comprise the “ginger beer plant" which is employed in the 
manufacture of genuine fermented ginger beers. 

Sacckaromyces cerevisiae, $ f anamensis % and S. porn be have been 
used in the production of ethyl alcohol from artichokes(11). 

Torula yeasts are becoming of great value industrially. In 
addition to 1\ utilis referred to above, T+ cremoris is used to prepare 
ethyl alcohol from milk whey. Other yeasts producing alcohol 
from whey include 7\ spkaerica, T. lactosa t and T. Kefir . Zygo - 
sacckaromyce $ lac t is, Saccharomyces fragilis, S ♦ lactts, and 5. 
anamensis can also produce alcohol from lactose(!2), 

Saccharomyces bruxelknsis is one of the organisms used in the 
production of Lambic beer in Brussels, along with Brettanomyces 
species B ♦ lambicus and 1B. hruxellensis) and various Lactobacilli. 

Production of fats by Endomyces vernalis t Rhodotorula gracilis, 
Oidium (Odspora) lactis and other organisms is discussed elsewhere 
in this book. 

Candida species (e.g. C. fiareri and C. guildermondia) have been 
used in the microbiological production of nboflavin(13), Eremo - 
theeium ashbyii has also been used for this purpose(14), 

Yeasts as spoilage organisms 

Yeasts are often of great nuisance in industrial processes and 
are found as spoilage organisms in a wide variety of products. 

Much damage due to infection by “wild yeasts" is experienced 
in the brewing and wine industries. Saccharomyces turbidans is 
sometimes responsible for turbidity in beers. Other Saccharo¬ 
myces yeasts causing beer troubles include S. wUUanus i S> bayanos , 
S. pastorianusi S* validus. S. intermedins is sometimes found in 
brewery fermentations but is not regarded as a very serious infect¬ 
ing organism, S+ cerevisiae var. festinans can give rise to certain 
beer troubles, often gaining access, it is stated, through sugar 
priming solutions. S. apiculatus gives objectionable flavours to 
beers. A. E, Wiles(20) has described organisms which have, 
from time to time, caused serious turbidities in English draught 
beers and has classified these organisms as Saccharomyces carls- 
bergensis . 

Mycoderma species form films on beer, wine, etc., and may also 
give rise to turbidities and disagreeable flavours. Common species 
include M. cerevisiae and M, vini. 
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S. Windisch(i5) has discussed the role of Pseudomonilia as 
beer spoilage organisms. Members of the somewhat similar 
Candida group arc also encountered as spoilage organisms in the 
brewing and distilling industries. 

Canned and bottled fruits* jams, fruit syrups* ketchups, sauces, 
pickles, and many other sugar-containing products are often 
spoiled by yeast fermentations* if not properly sterilised, or if 
faults develop in the container to allow access of the spoilage 
organism. A great number and variety of the yeasts can give rise 
to troubles of this kind. Difficulties arc often experienced in 
certain branches ot the food industry, dne to the action of Q$m~ 
philic yeasts , which are organisms which will tolerate very high 
osmotic pressures and can thus ferment sugar-containing solu¬ 
tions of very high concentrations. Damage from such organisms 
can be encountered in jams, jellies, concentrated fruit juices and 
syrups, honey, molasses, and in the "fondant creams 1 ' used in the 
confectionery industries. Dittle work has been done to catalogue 
the large number ot organisms belonging to this group but it is 
known that some of the Zygosaaharomyces are typical osmophilic 
yeasts which have been known to ferment honey (Id), Fermentative 
damage by osmophilie yeasts in concentrated orange juice con¬ 
taining more than 65 per cent sugar concentration has been 
described by M. rngram{17). Ingram considers such yeasts to be 
similar to the yeasts causing trouble in honey but found several 
types of organisms in the orange juice flora. One variety gave small, 
light brown colonies on malt wort molasses agar* whilst other 
types showed porcelain-white raised regular colonies on dextrose 
agar or potato dextrose agar. Other organisms gave spreading, 
translucent grey colonies. Osmophilie yeasts encountered in the 
confectionery industry* ior example in jams and fondant cream 
fillings surrounded by chocolate couverture, can be of great 
nuisance, and to prevent their development it is necessary for the 
syrup phase to contain not less than 75 per cent soluble solids 
(w w). Very acid products in this class, however, are safe with a 
slightly less sugar content; for example* a fruit jam will keep quite 
satisfactorily under most normal conditions provided that the 
total soluble solids are 73 per cent or over* measured on the 
sugar-scale. E. M, Mnk(lg) showed that osmophilie yeasts 
were responsible for the souring of dried dates, Zygosaccharo- 
myces predominating in the organisms causing the trouble. 
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C R, Fellers and J, A. Clague(19) t investigating similar spoilage, 
found that Torula and Willia yeasts were responsible, 

Invertase concentrates prepared from yeast are often used in the 
confectionery industries in the preparation of fondant creams 
having a high soluble solids content* 1 his is discussed in the 
chapter dealing with yeast products. (Chapter XXIV*) 
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CHAPTER II 


BAKERS 1 YEAST 

Historical: yeast physiology and nutrition 


Historical 

T HE use of yeasts for brewing ami baking has been practised 
for thousands of years for there is copious evidence that the 
Egyptians were quite familiar with such processes, it is only 
recently, however, that the production of yeast in more or less 
pure culture has been effectively used for both purposes. During 
the nineteenth century yeast produced as a by-product of the 
brewing and distilling industries was used for fermentation of 
dough in bread making. Beginning about I860 more and more 
attention was paid to the possibility of improving yeast yields from 
brewing processes. The growth of large populations in industrial 
hsed areas was calling tor manufacture of bread on an increasingly 
large scale in commercial bakeries, while the preparation of bread 
in the home was gradually diminishing. 

r l he Vienna process, in which, by means of gentle aeration of a 
fermenting malted grain infusion, a larger yield of yeast was 
obtained than from the unaerated brew, was started about I860. 
It was soon realised that the production of large yeast yields 
depended on the use of large volumes of compressed air, which 
increased yeast crops at the expense of alcohol production. In 
the last forty years of the century much was done to improve the 
efficiency of these brewing processes, and the work of Pasteur and 
Hansen laid the foundations for the studs' of yeast physiology and 
produced the conceptions of pure culture technique. 


Start of industry 

The compressed yeast industry in the United States was started 
by Fleischmann in 1868. Technical engineering improvements 
made concurrently with the improved knowledge of the bio¬ 
chemistry of fermentation greatly aided development of the modern 
yeast factory, for example, the centrifuge for the separation of 
yeast from fermented wort was brought out just after the turn of 

13 



YEAST TECHNOLOGY 


the century—and was one of engineering's greatest contributions 
to yeast production. 

The greatest advances in the yeast industry were undoubtedly 
made during the First World War, when scarcity and high cost of 
cereal grains, together with the blockade, made it necessary for 
the Europeans, especially the Germans, to conduct extensive 
researches into the preparation of yeast from substitute materials, 
Hayduck and Wohl at the Garungs-lnstitut in Berlin worked out 
details of processes for the preparation of yeast using molasses as 
raw material, with the addition of ammonia and ammonium salts 
to the fermentation as sources of nitrogen for the build-up of yeast 
protein, and were mainly responsible for the basis of the manu¬ 
facturing processes which are used at the present time. Improve¬ 
ments came rapidly, and the use of various kinds of molasses in 
addition to beet molasses was perfected. 

Yields greater than 100 per cent of compressed yeast based on 
weight of raw material can be obtained by modern methods (com¬ 
pared w p ith yields of about 10 per cent from the Vienna process), 
and yeast of very great stability and fine keeping properties com¬ 
bined with remarkably vigorous and steady dough fermentation 
properties can be produced. Frey(l) has published a full account 
of the growth of the yeast industry. 

All the developments in compressed yeast production have been 
aided by the large volume of work on yeast physiology by Buchner, 
by the work of Wildiers, Kogl, Williams and many others in the 
“bios” and vitamin field, and the study still in its early stages, on 
yeast reproduction and hybridisation by Winge, Lindegren and 
others. In the last few years processes for the preparation of 
“fodder yeasts” to enrich the diet of man and his domestic animals 
in proteins and vitamins of the B group have been introduced. 
Such yeasts can be produced from surplus sugar-cane extracts, 
sugar from wood-pulp wastes, and waste sulphite liquors, using 
both Saccharomyces yeasts and those of the genus Torula. 

Yeast physiology and nutrition 

Reference to a comprehensive analysis of yeast is necessary in 
order to know the kind and quantity of the elements which must be 
supplied in a medium for satisfactory yeast growth. Table 1 gives 
a detailed elementary analysis of yeast dry matter. The chief 
elements present are carbon, hydrogen, oxygen, and nitrogen, 
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'Table 1 

Elementary Analysis of JVtijf Dry Xlatter 


Constituent 


Carbon (C) 

Hydrogen (Li) 

Oxygen (O) 

Nitrogen (N) 

Total Ash 

Phosphate (as P a O t ) 
Potash [as K s O) 
Calcium (as CaO) 
Magnesium (as MgO) 
Aluminium (as ALOj) 
Sulphate fas SO,! 
Chloride (Cl) 

Iron (as Ftr,0 3 ) 
Copper (Cu) 

Silica (SiCy 


Per ten t of 
Fftw/ Dry XIat ter 

450-49-0 
5-7 
50-55 
71-10’S 
4-7-IQ-5 
1 -9—5-5 
1 -4-4-3 
0005-0-2 
01-0-7 
0002-002 

001-005 
0-004-0-1 
n 005-0-012 
KM 00 p.p.m. 

002 - 0-2 


Sormai Average 
Per cent of Dry Mutter 

47-U 
6-0 
52-5 
HS 
6 0 
2-b 
2-5 
0 05 
0-4 
0-005 
0-05 
002 
0-007 

20 p.p.m, 

oos 


which normally account for as much as 94 per cent of the weight 
of the dry matter. These four elements are present in the yeast in 
the carbohydrate-type substances* glycogen* yeast cellulose* and 
yeast man nan (“yeast gunT 1 )* and in the nitrogenous substances 
the proteins, nucleic acids and organic bases (pyrimidine and 
purine bases). There are also normally present in yeast small 
quantities of fatty or fat-soluble materials—true fats* lipoids, (e.g. 
lecithin) and sterols (ergosterol). Small quantities of vitamins* 
especially members of the vitamin U group, are also present. The 
inorganic substances are found in the ash of the yeast* which may 
constitute up to 10 per cent of the yeast dry matter but is usually 
6-8 per cent. Table 2 gives the quantities of some substances 
present in yeast dry matter. 


Table 2 

Composition of Yeast Dry Matter 


Constituent 

Per tent of 

Yeast Dry Matter 

Ash 

Normally 

Glycogen 

l 30" 

Fat-soluble fraction (True 
fats, sterols* lipoids* etc.) 

1-2 2 

Yeast Gum (Mutuum) 

Up to 4 

Cellulose (Yeast) 

Up to 5 

Proteins anti organic niffO- 
gfl^ous luiscs, etc. 

44- 67 
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The principal nitrogen-containing substances present in yeast 
include proteins, amino acids, purine and pyrimidine bases 
(adenine, guanine, cytosine and uracil) together with very small 
quantities of materials possessing considerable physiological 
activity (enzymes, respiratory pigments [cytochrome, etc,], 
vitamins), lecithin and cephalin, etc. The composition of the 
vitamins is discussed in Chapter VIL Some 70 per cent of the 
total nitrogen of the yeast is probably present as protein, whilst 
some 3-10 per cent is present as purine bases and about 4 per 
cent is present in the form of pyrimidines. The remainder of 
the nitrogen is probably present as soluble compounds such 
as amino acids and nucleotides, Figures are quoted in 
Chapter XXV showing the proportions of amino acids present in 
hydrolysed yeast protein. 

A number of carbohydrate substances have been reported to be 
present in yeast, A considerable quantity (up to 30 per cent of 
dry substance) of glycogen is usually present in yeasts separated 
from vigorous fermentations and this carbohydrate is probably 
employed by the yeast cells as reserve carbohydrate, for the 
quantity may be reduced to 1 per cent or less upon storage, 
Mannan ( CL yeast gum*’) is present in most yeasts in considerable 
quantities (up to 4 per cent). Much carbohydrate is probably 
present in the yeast cell wall and Roelofsen(2) has recently stated 
that about 20 per cent of the dry weight of the yeast cell is con* 
centrated into the material of which the cell wall is composed. 
This dried cell-wall material contained about 6 per cent of protein 
[i.e. 1 per cent or so of nitrogen) and 68 per cent of polysaccharide, 
the latter consisting of approximately equal proportions of glucan 
and mannan together with a very small quantity of chitin. The 
glucan substance probably roughly corresponds to the t( yeast 
cellulose’* of early workers. Somewhat similar findings to those 
of Roelofsen were obtained by Northcote and Horne(3). Other 
carbohydrates present in yeast may include trehalose, desoxy- 
ribose and hexosephosphates. 

The fat-soluble fraction of the yeast cell consists of mixtures 
of true fats (glycerides of fatty' acids) together with phospholipids 
(lecithin and cephalin) and sterols. Fatty acids which have been 
reported present in yeast include palmitic, stearic, oleic, linoleic, 
myristic and hexadecanoic acids. The sterols of yeast include 
ergosterol, zymosterol and cervisterol, the ergosterol predominating 
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m quantity. Normally the dry matter of yeasts contains up 
to 0-5 per cent of ergosterol, but this may be increased to 
figures as high as 16 per cent by special processes such as the 
employment of vigorous aeration (with or without the presence 
of suitable oxidising agents) or by the choice of other cultural 
conditions^, 5, 6), 

It must be emphasised that the figures given in Tables 1 and 2 
cover a very wide range of yeasts produced by various processes; 
nevertheless figures for certain of the constituent groups may 
occasionally be found outside the range of values given, wide 
though they may be in certain cases, The content of yeast in 
certain of the inorganic elements is often a reflection of the rich¬ 
ness of the growth medium in these particular elements. Thus a 
medium with a high nitrogen content will usually produce a yeast 
which gives a high nitrogen figure on analysis. However, neither 
the high nor the low figures should be used when calculating 
requirements of the yeast for the element in question. For 
example, yields of yeast dry’ matter will increase with increasing 
nitrogen content of the growth medium up to an optimum point. 
Beyond the optimum extra nitrogen results in no additional yeast, 
hut produces instead a maximum amount of yeast with an 
increasingly high nitrogen content. Nitrogen percentages can be 
artificially increased in this way to figures far higher than 
normal. A nitrogen figure of 8 per cent (on dry substance) 
may be regarded as an average figure, but 10 per cent can 
he easily produced by using a feeding medium sufficiently rich 
m nitrogen. 


I he task of the yeast nutritionist is to recognise the optimum 
requirement of his organism for the various inorganic elements 
and other nutrients and to supply these in sufficient amounts to 
produce the yield of yeast which is anticipated* Excessive supply 
0 nutrients will only lead to their wastage in the yeast and in the 
ht paratcd wash, A very considerable loss of salts always occurs, 
e\cti in normal separated washes which have supplied yeasts with 
tlc econo inic quantity of salts. It is always necessary to have 
present in the nutrient solution more salts than will be required 
^ the yeast for optimum grow th, for a balance no doubt exists 
between the salt concentration inside and outside the cells. This 
] £> so far, imperfectly understood, but some idea of the intake of 


salts from 


a nutrient solution in practice will be furnished by the 
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figures given for 4 ‘mineral balance account" for a fermentation, 
which is discussed below. 

Carbon 

For its nutrition, therefore, yeast requires a source of carbon for 
growth and energy, a nitrogen source for synthesis of protein and 
other nitrogenous materials, numerous inorganic elements for the 
build-up of the normal mineral structure of the cell, as well as the 
more complex "bios 1 substances, also called "nutrilites 33 or "yeast 
vitamins 1 '* All the materials in solution in the nutrient medium 
in which the yeast is grown are taken into the yeast cells by diffusion 
through the outer cell walls and the plasmatic membranes of the 
cells. These membranes are semi-permeable and are capable of 
allowing the passage of only the smaller molecules. Salts, the 
simple hexoses, disaccharides, amino acids, and, possibly, dipep- 
tidcs, diffuse into the cells, and upon these food materials the yeast 
develops. To utilise and build them up into the complex tarbe- 
hydrates, proteins, nucleic acids, and other substances which are 
found in yeast, requires an enzyme system of considerable 
complexity- 

A smalt quantity of the substances which are too large for 
normal diffusion into the yeast cell may also be utilised by the 
excretion into the nutrient medium of some of the intracellular 
yeast enzymes by the autolysis of dead yeast cells (of which any 
specimen of yeast always contains a proportion]* This process 
will normally be of practical significance only in a long fermenta¬ 
tion in which the degradation of the large molecule material can 
be carried on to a significant extent. Table 3 gives a list of the 
enzymes which are known to occur normally in yeast, together 
with details of the substrates w hich they attack, and the products 
of the enzyme change* 

The carbohydrate materials usually utilised by yeast are sucrose, 
invert sugar, maltose, and dextrose. Lactose and raffinose and the 
higher dextrins are not fermented by S. rerevisiae. Thus raffinose 
occurs in the unfermentable residue of beet molasses,* and the 
majority of the unfermentable reducing carbohydrate of grain 
worts consists of dextrins. 

Prior to the First World War, grain was the principal medium on 

* Some yeast strains used industrially are able to use a portion of the raffinose 
molecule. 
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Table 3 

Some of the More- Important Yeast Enzymes 


Enzyme 

Substrate 

Products of I'uzytne Action 

1. Invertase 

Sucrose 

Invert Sugar 

2, Maltese 

Maltose 

Glucose 

3. Glycogenjsse 

Glycogen 

Glucose 

4. Phosphatase 

ll exosep hosphate 

Hcxosc + Phosphoric acid 

5. Amid u ses 

' Amides 

Carboxylic acid + Ammonia 

6. Oxydoreductase 

Aldehyde 

Alcohol+Ac id 

1. H exokinase 

i lexemes 

“Active” H exeats * 1 It xosedi phos¬ 
phate 

S. Carboxylase 

Pyruvic acid 

Acetaldehyde-:-Carbon dioxide 

9. Protease 

Proteins 

Proteoses, Polypeptides 

10. Peptidases 

Peptides 

Amino Acids 


* Asparagine, for example, forms aspartic arid and ammonia. 


which yeast was grown, and the yeast was usually a valuable by¬ 
product of the beer-brewing and the distilling industries. Under 
these conditions, the yeast obtained most of its nitrogen needs in 
the form of amino acids, present in grain worts as a result of the 
proteolysis of the barley at id other cereal protein during malting 
and mashing. The method of utilisation of the amino acids as a 
source of nitrogen for yeast growth was worked out by Ehrlich(7) 
and the work has been repeated and extended under more practical 
brewing conditions by Thorne(8,9) in England in recent years. 

Role of aeration discovered 

Following intensive research during the First World War to find 
a substitute for grain wort, molasses from beet and cane sugar 
refineries gradually replaced grain. It was discovered also that 
greater yeast crops could be obtained by the use of a very vigorous 
aeration of the fermenting wort by compressed air, and that the 
amino adds of grain could be replaced by ammonium salts as a 
source of yeast nitrogen. It then became common practice to 
develop yeast on beet and/or cane molasses and ammonium salts 
(such as sulphate, phosphate, or chloride), with aqua ammonia 
as an additional source of nitrogen and as an aid in controlling the 
pH of the medium. 

Control of pH is required since in the breakdown of ammonium 
chloride, for example, by yeast, the ammonium radicle together 
with carbohydrate material is used by the yeast to produce 
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nitrogenous organic cell compounds, while the hydrogen chloride 
is released into the growth medium, where it will lower the pH 
unless balanced by the addition of alkali to the fermenting wort* 

Addition of phosphates 

It was also found that the production of big ) T cast crops from 
molasses made it necessary to add phosphates to the media, as the 
natural phosphates present in molasses would not suffice for the 
increased yields obtainable by efficient aeration. Phosphates were 
added as ammonium phosphate (mono-, di- or tri-ammonium) 
or as sodium or potassium phosphates (di- or tri-). Ultimately it 
was found that any or all of the various phosphates could be used 
satisfactorily, as long as a correct balance between nitrogen, 
phosphate* and pH could be achieved in the fermenting brew, 
Tt was fortunate that the raw materials in use were sufficiently rich 
in the other essential elements to permit the production of satis¬ 
factory yeasts. 

At this point it will be well to examine the analyses of the 
various types of molasses which have been used for yeast produc¬ 
tion, and to compare them with the grain wort in order to estimate 
the ability of these natural media to produce a good yeast yield. 

I he analyses are for beet, refinery cane, and high-test cane 
molasses, and of a grain wort prepared from barley. (See Tables 
4 and S.) I he figures demonstrate the relative nutritional value 
of the different raw materials in the chief inorganic yeast require¬ 
ments, Consider a fermentation in which 100 parts of pressed 
yeast (dry matter—27 per cent) are produced from 100 parts of 
molasses. The 100 parts of yeast (or 27 parts of yeast dry matter) 
contain (figures for an average analysis); 

K a O — 0T>+8 parts. 

P 2 0& — 0-648 parts. 

=2-36 parts. 

MgO s= 0-054 parts. 

CaO = 0-0135 parts. 

By comparing these figures for the corresponding analytical values 
for 100 parts of molasses in Table 4, it can be seen that, broadly 
speaking, all types of molasses arc deficient in nitrogen and 
phosphate; beet molasses may be deficient in magnesium, but 
calcium occurs in good excess in all molasses. Beet and refinery 
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Table 4 


Analysis of Molasses 


Constituent 


Molasses Type 


Beet 

Refinery Cane 

High- Test Cane 

Total Solid Matter 

78-85 

78-85 

u-n 

Total Sugar 
(as invert) 

48-53 

50-58 

70-86 

N 

0-2-2-8 

0-08-0 5 

0-05-0-25 

P,0 4 

0 02-0 07 

0009-007 

0 03-0 22 

Cat) 

045-07 

0 15-0-8 

015-0-35 

MhO 

0 01-04 

0-25-0-8 

0 124)25 

KjO 

2-2-4 5 

OS-2 2 

02-0-7 

SiOj 

0-1-0-5 

0-05-0-5 

0-07-0-2S 

ai,o, 

0005-00fi 

0-01-004 

0002-0-01 

Fe 3 0 3 

0-001-0-02 

0-001-0-01 

04)01-0-005 

C 

28-54 

28-33 

28-36 

Total Ash 

4-8 

35-7-S 

18-3-6 


Note —Figures given elk in percentages (w w). 


Fable 5 

Antdym of Grain Wort mid Assessment of its Sufficiency of Inorganic 
Materials for Yeast Production 


(Grain Wort of Specific Gravity of 1050 12-4 ' Balling)* 


Constituent 

Grams per iooo ml. 
of Wort 

Grams per iSo grams 
of Yeast 

Total Solid Matter 

125 

48-6 

I-ermentahle Sugars 

00 


K,0 

0-6 

123 

I’A 

H i 


(Assimilable PdL) 

0 5 / 

1-26 

CaO 

0-05 

0-024 

M*0 

0 25 

0-19 

so. 

o is 

0-015 

OLt > 1 

Total N, 

015 

0-0 \ 

0039 

(Assimilable N,) 

0-35/ 

4 13 

Total Ash 

2-05 J 

2’9| 


Conclusions: I o support a yield! of 200 per cent of wet yeast (ISO grams) on 
the total fermentable sugars, there is a considerable deficiency of nitrogen 
phosphate, and potash, and these elements would thus have to he sunnlied bv 
inorganic additions, * 1 - 

* Note,— Specific Gravity = ^ 

(2DO Balling reading)' 

catte molasses contain a considerable exoess of potassium, but hieh- 
test cane molasses may often be deficient in this element. Thus, 
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in practice, a yield of 100 per cent of yeast based on molasses 
weight is often achieved, and when using beet molasses, or a 
mixture of beet and refinery and/or high-test cane molasses, it is 
necessary to fortify the molasses with a very considerable addition 
of nitrogen and phosphate and, occasionally, magnesium. 

Before making any precise calculations on the amounts of the 
inorganic substances to be added to any fermentation, it is neces¬ 
sary to understand in what form the various radicles are combined 
in the raw materials—that is, to know if they are present in a form 
which can be assimilated by the yeast. It seems certain that 
calcium, magnesium, and potash are present in simple inorganic 
states which are easily taken up by the micro-organism in the 
normal way, but this is not the case with the nitrogen and the 
phosphate. Phosphate is present mainly as inorganic salts, 
but some may be present in organic combinations which are not 
assimilable. Laboratory experiments show that perhaps 50 
per cent of the phosphate in molasses is fairly readily assimilable. 
The nitrogen of beet molasses is present in various forms— 
as protein, or protein in varying stages of degradation. For 
example, the amino nitrogen of beet molasses is often as high as 
0-5 per cent, much of it as asparagine and readily assimilable. 
Inorganic forms are also present. Nitrogen as betaines is ap¬ 
parently unassimilable and is always left behind in the fermented 
spent wort* It is unwise to rely on the assimilation of more than 
about 10 to 20 per cent of the total nitrogen of the molasses, and 
it is as well to calculate the nitrogen requirements of the yeast 
crop almost entirely in terms of the inorganic nitrogen added to 
the molasses, 

Magnesium deficiencies in the molasses may be corrected for 
in a natural manner if the water used contains a reasonable amount 
of magnesium. If a deficiency is thought to exist, it can be easily 
made good by the addition of a few pounds of any suitable com¬ 
mercial magnesium salt—for example, the chloride or sulphate. 

To obtain a satisfactory guide to the sufficiency or otherwise of 
the inorganic elements entering into the nutrition of a large batch 
of yeast, it is a valuable analytical expedient occasionally to conduct 
an exhaustive analysis of the various components entering a 
fermentation, and of the finished products. In this way a balance- 
sheet of the fermentation in terms of the various elements taking 
part in it is obtained. Thus, the substances on the left-hand side 
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(entrance) of the balance-sheet will be the seed yeast, raw materials 
(molasses, etc,), inorganic salts added, water and so on, while 
on the right-hand side will be the fi nished yeast, and the yeast-free 
spent fermentation liquid ("spent separated wash" or "beer” as 
it is sometimes termed). A typical balance account of this kind 
is given in Table 6, which shows the amounts of the various 
inorganic radicles which are being wasted in the separated wash. 

Table 6 

'' Balante-Shwt" of Inorganic Materials in ti Typical Mofostes Fermentation 

This fermentation uses 1000 lb. of beet molasses, yielding 1200 lb, of ivet 
yeast (300 lb. of yeast dry matter). Seed yeast used - 200 lb. anil inorganic 
materials artificially added to the brew are as follows: N s - 15 lb,-1,0. ^7 5 lb L 

MfiO^OSIb. 


Inorganic Radicle 

Ingoing Materials 

Outgoing Materials 

Seed 

Yetist 

Molasses 

and 

Brewing 
II f iter 

Added ..., , 
CWafr l0,ai 

Pressed 

Yeast 

Spent 

Separated 

Wash 

Total 

Nitrogen (N) 

4'55 

25'5 

IS 45 05 

27-05 

18 0* 

45-05 

Potash <K,0) 

13 

41 >2 

0 42^5 

7-5 

35-0 f 

42-5 

Phosphate (PiOd 

14 

05 5 

7-5 9-43 

& 25 

1-20 

9 45 

Magnesia 

0-22 

0 92 

0-5 1-64 

I 33 

0-29 

1-64 

Alumina £Al t O a ) 

0003 

017 

0 0-173 

0022 

0-151 

0 173 

Lime (CaO) 

(>'029 

2'2 

0 2-229 

0-21 

20l9f 

2-229 


* Only 2-0 lb, of the total N 3 of the spent wash was inorganic, the remainder 
being organically combined N a from the molasses. 

t The separated spent wash was very rich in potash and comparatively rich 
in lime. This applies generally ti) effluents from beet types of molasses 
(Analysis of spent wash is given in Chapter XVI.) 

'bids conception is very valuable in plant practice, in that experi¬ 
ments can he undertaken to reduce avoidable losses of added 
chemicals. Thus, the addition of phosphate and nitrogen can be 
so adjusted that the losses shown in the spent separated wash arc 
only those which must necessarily occur to produce some required 
yeast yield. That is, by varying the individual factors singly 
(i.c. the nitrogen or phosphate or magnesia additions), the effects 
upon the yeast yield and the corresponding losses in the inorganic 
account (in spent wash) are noted, and a figure of unavoidable 
loss for the various elements at some definite yeast yield may 
be noted. This can be responsible for the saving of very con- 
siderable chemicals costs in a year’s operation. 
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In a process capable of giving a yield of 100 per cent of 
yeast based upon molasses weight (ue. 27 per cent or so of 
dry yeast based upon the weight of molasses used) the quan¬ 
tities of nitrogen, phosphate, and magnesia which are usually 
necessary are: 

Nitrogen (N 2 ) —16-18 per cent on molasses weight. 

Phosphate (P 2 0^) =0-6-0 8 per cent on molasses weight 

MgO =0" 1—0-15 per cent on molasses weight 

It b well-known that yeast for its complete nutrition requires small 
quantities of iron and copper, for example, for the build-up of the 
various compounds associated with cell respiration and activity* 
It is also suspected that very small traces of other inorganic 
elements, lead, zinc, tin, iodine, boron, cobalt, manganese, for 
example, may play an important role in yeast nutrition, by analogy 
with the function which these elements play in the healthy develop¬ 
ment and immunity from disease of many flowering and fruiting 
plants* The nature and necessity for these s ‘trace elements” is so 
far not well-known, but offers a held for considerable research, 
The writer has obtained evidence which supports the idea that 
trace elements are necessary. (See Chapter IX.) The powerful 
effect of traces of zinc and copper in the stimulation of yeast 
growth has been shown by Olsen and Johnson (12)* These authors 
state that 0-2 p*p,m. of zinc and 0*01 p.p.m, of copper are required 
if maximum yeast growth is to be obtained (calculated upon the 
weight of the nutrient solution). 

In 1901 Wildiers suggested that besides carbohydrates and 
inorganic salts yeast required traces of organic "growth promoting 
substances 1 ’, which he called "bios”, for satisfactory growth and 
nutrition* Only in the past 20 years has the true significance of the 
"bios" substances, or “nutrilites”, as R. J* Williams has suggested 
that these should be termed, been worked out in detail. Briefly, 
it has been found that yeasts need for growth and normal meta¬ 
bolism very small amounts of the nutrilites similar to the require¬ 
ments of animals for traces of the vitamins—in fact the nutrilites 
may be termed "yeast vitamins”* It has, indeed, been shown that 
many of the nutrilites are needed by animals as well as by yeasts 
and other micro-organisms for their complete nutrition, and the 
various nutrilite factors are now classified in the extensive water- 
soluble Vitamin B group* If several of these substances are not 
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included in the substrate, yeasts will be incapable of their full 
growth and development, and certain of the metabolic functions 
oi the yeast may he seriously affected, 'Hie number of the various 
factors necessary depends upon the type of yeast used, but it lias 
been shown that most yeasts need inositol* pantothenic acid and 
biotin, occasionally in conjunction with thiamin and pyridoxin. 
{See Chapters VII, VIII, and IX.) 

The precise role of some of the yeast nutrilites in terms of the 
chemical reactions involved in yeast growth is still obscure, but 
it seems certain that the parts played by the major nutrilites 
are related to the functions of undiscovered enzyme mechanisms 
responsible for the production of yeast dry matter from the simple 
yeast foods. It may be that the nutrilites are co-ordinated mem¬ 
bers, or prosthetic groups (or even co-enzymes) of specific 
enzymes which synthesise yeast cell substance. It is already 
known that the vitamins thiamin and riboflavin are members of 
the group of fermentative and respiratory co-enzymes, while 
nicotinic acid amide is a member of the co-carboxylase enzyme 
system as shown in Table 7. 


TANLEi l 

Comlitutioti of Cu-Enzynes 


Enzyme 

Constitution 

Co-zyma^ 

Co-carbfixylasu 

Yv arburg s Yellow Enjyme 

Consists of nicotinamide, adenylic acid, rihosCj 
Eind phosphoric acid 

Thiamin (am-urin) pyrophosphate 

A combined form of riboflavin (Vitamin B ? ) 

* —a flavoproiein 


(Set' aha Chapter VIL) 


In whatever manner the nutrilites function* certain of these 
factors* or combinations of them, have the effect, in a good supply 
of oxygen* of increasing yeast respiration at the expense of yeast 
fermentation (which can carry on quite well without some of the 
major nutrilites). In this way* yeast growth is stimulated and 
some of the carbon which would in fermentation he volatilized 
away as alcohol, is diverted by the influence of the nutrilites into 
yeast substance containing a “backbone” of carbon (e>g> carbo¬ 
hydrate or protein). 

borne recent work by several investigators(10) suggests that 
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biotin is concerned in carbon assimilation by various micro¬ 
organisms by reactions in which pyruvic acid from normal hexose 
fermentation combines with carbon dioxide to form aspartic acid 
or aspartates via an intermediate phase of oxalacetate. The biotin 
has the effect of li hxing” the carbon dioxide. This may have some 
connection with observations the writer has made on the behaviour 
of some yeast strains in aerated synthetic media when asparagine 
(aspartic acid amide) was added. The asparagine was assimilated 
by the yeast to form yeast substance and replaced sugar as a source 
of carbon in addition to being a source of nitrogen. The possi¬ 
bility of an amino acid being a source of both carbon and nitrogen 
for yeast anabolism is, of course, in opposition to Ehrlich's classical 
views but it should be noted that the latter worked with conditions 
of very low aeration * 
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BAKERS' YEAST 

The growth of yeast and the mechanism of yeast growth 

TJ v passing a stream of compressed air in a state of fine division 
Jj into a wort, normal yeast fermentation is completely changed 
and yeast growth is encouraged at the expense of alcohol produc¬ 
tion, The mechanism of this yeast growth has so far not been 
worked out, and the precise role of the oxygen of the air is 
unknown, Pasteur first pointed out that the "ideal” fermenta¬ 
tion equation of Gay-Lussac, C fl H 1£ O fi =2C 2 H 5 OH+2CO* was 
only approximately correct and that 1 to 2 per cent of the sugar 
broken down is utilised by the yeast for growth purposes in an 
unaerated fermentation. Brown (1) showed that under entirely 
anaerobic conditions fermentation can take place without multi¬ 
plication oi the yeast cells. Meyerhof(2) studied the relationship 
between respiration and fermentation of bakers’ yeast, and showed 
that fermentation (as measured by output of C0 2 ) was reduced 
by the presence of oxygen. Later work by the same author showed 
that the addition of a trace of hydrogen cyanide forces yeast to live 
only anaerobically and that no oxygen can be used under these 
conditions—that is, there is no respiration in this way* Using this 
technique of adding small amounts of foreign substances to block 
tire course of an enzyme reaction, other workers— e.g, Lunds- 
gaard(3) (using iodoacetic acid) and Cayrol and Gcnevois(4) 
(using bromoacetic acid)—showed that normal fermentation 
(anaerobic use of sugar) could be almost completely prevented* 

All these methods tend to show that the normal anaerobic 
ermentation and the aerobic respiration of yeast follow very 
divergent biochemical courses. However, it is not known even 
yet with any certainty whether yeast uses directly the oxygen 
supplied m aeration as a source of the oxygen contained in its own 
composition, or whether the latter is all derived from the sugar 
used* Welcminsky and Butscbowitz(S) postulated that ethanol is 
produced as an intermediate product even under conditions of 
aeration and suggested that aeration stimulates the vegetative 
processes of yeast. Aeration also improves dispersal of CO s and 
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other end-products of cel] activity, and provides agitation which 
may stimulate cell growth(6).* 

!t seems certain that an entirely unknown battery of enzymes is 
involved in the aerobic growth of yeast. Possibly some of the 
nutrilites take part as constituent groupings or as co-enzymes of 
the enzyme system which breaks down sugar in such a way that 
carbon dioxide becomes the chief by-product of fermentation, 
much of the sugar being transformed by some unknown assimila¬ 
tive mechanism into yeast cell dry matter. It has been argued that 
the alcohol moiety of the normal anaerobic sugar breakdown is 
transformed into yeast substance, leaving carbon dioxide as the 
main single waste product, and it is of considerable Interest to 
examine this matter in some detail, 

Consider the equation: 

C«H u 0 6 =2C 2 H 5 OH + 2CO,. 

(180) (92) (88) 

For the alcohol-to-yeast-substance transformation theory to be 
valid the carbon from 180 parts of hexose will yield 92 parts of 
alcohol, which will be transformed Into yeast substance carbon— 
that is, carbon in proteins, carbohydrates,, etc. Four carbon 
atoms from the six in the original hexose will go to form yeast 
substance carbon—that is, 180 parts of sugar yield 48 parts of 
yeast carbon, 

The average carbon content of yeast dry matter is about 47 
per cent, so that 48 parts of carbon from 180 grams of hexose sugar 

will form —=1021 parts of yeast dry matter* Thus, the 

maximum yield obtainable from 180 parts of hexose sugar would, 
on this basis, be 102-1 parts of yeast dry matter, and 100 parts of 
hexose sugar would yield 56*7 parts of yeast dry matter. This 
is equivalent to a yield of 210 parts of yeast at 27 per cent dry 
matter. 

Over a considerable period of investigation in which the best 
possible conditions of aeration and optimum nutritional con¬ 
ditions have been in use, the author has never seen this yeast yield 
surpassed. On occasion, when working with raw materials rich in 
yeast carbon nutrients other than sugars, higher yields can be 
obtained which are illusory when judged on a sugar basis* This 

* Set Chapter XVIII. 
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adds some positive evidence in support of the theory that when 
sugar is broken down in yeast growth the carbon in the carbon 
dioxide of the Gay-Lussac equation is lost, while the carbon 
represented by the alcohol is transformed into yeast substance. 
This assimilatory process can, however, only reach completion 
under the best conditions, which will be discussed below. 

Methods of calculation of yeast yields 

1 he yield of yeast depends upon a number of factors, the chief 
of which are: 

(tf) The total amount of assimilable carbon contained in the raw 
materials supplied. These include fermentable sugars (maltose, 
glucose, fructose, and sucrose), amino acids, alcohols, glycerol, 
lactic acids, and other carbon sources which have not been charac¬ 
terised but which are present in grain worts and molasses or other 
raw materials. A considerable proportion of the yield of a grain 
or molasses brew—as much as 10 per cent of the yeast produced 
~ can he derived from the portion of the raw material which does 
not appear as sugar in the normal copper reducing tests after mild 
acid hydrolysis. 

(&) The relative amounts of al! the necessary ''bios' 1 substances 
(nutrilites). 

M 1 he content of necessary inorganic materials in the wort. 

3th the possible exception of "trace elements' 1 so far uncharac¬ 
terised these can he added to the fermentation as required. 

W Fermentation conditions such as air supply, temperature, 
proportion and quality of seed yeast (strain of yeast), type of wort 
feed, freedom of brew from infection, concentration of yeast in the 
brew, and other factors, 

Ihe composition of grain wort or molasses is illustrated in 

% 6 . 

N T o matter how much sugar is added to a fermentation, if there 
are deficiencies of mitrilite factors the yield will be limited and 
yste of sugar will result. If sufficient nutrilites are not present 
the sugar is fermented and wasted as carbon dioxide and alcohol 
without growth of yeast substance. This fact, in addition to 
the considerable proportion (up to 1(J per cent) of the yield 
accruing from the non-sugar yeast foods in the raw material, makes 
]t cxtrem cly illogical to base the fermentation yield on the amount 

29 



YEAST TECHNOLOGY 


of sugar present although this has been the practice in some of the 
literature and in some factories* It is more logical to calculate 
yields on the weight of total raw material employed, while perhaps 
bearing in mind the corresponding yield on the titratabie sugar 
(as invert sugar) present, as a guide to the nutritive efficiency of 
the non-sugar portions of the raw materials used. 

It should be further noted that the yield of zuet yeast produced 
is governed by the various water relations, considerations which 


RAW MATERIAL (Molasses,Grain,etc.) 


Y 

FERMENTABLE SUGAR 


NUTRILITES 


(Maltose, Sucrose, Invert Sugar) 


I 

NON-SUGAR SOURCE OF 
YEAST SUBSTANCE CARBON 

(Amino Adds, Organic Acids and Alcohols, 
Polysaccharides which break down, to yeast 
foods during fermentation (e.g.jgumSjetc^) 


T 

DEPRESSANTS 

(Anti-Growth 
Substances, 
or Growth 
Inhibitors) 


f-^ 

INORGANIC ELEMENTS TRACE ELEMENTS 

{ K, N, Ca, Mg, At, Fe p Na h etc) ( Little known information 

Some effect certain) 
Zn, Cu, Fe 

Fig, 6.—Constituents of raw materials for yeast manufacture 
influencing yeast yield. 


have been exhaustively discussed in the American Brewer and 
elsewhere by the author, (See Chapters XII and XIIL) T hese 
are of very considerable economic importance for it is possible 
to increase the yield of “handleable” or saleable yeast by increasing 
the water content of the interior of the yeast cell with no increase 
in total dry matter present, and any yeast factory should be in a 
position to return a yield of yeast as dry matter and of yeast of 
standard consistency, both based as a percentage of the starting 
primary raw materials, whether these arecereals, molasses, or wood- 
pulp hydrolysates. 
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As an example of all the points mentioned, the approximate 
maximum yield obtainable in yeast factory practice under the best 
conditions may be calculated as follows: 

Raw materials — 100 parts of beet molasses of which 50 parts 
are sugar calculated as invert sugar. 

Pet cent of dry 
yeast substatue cal - 
ciliated on weight af 
molasses 

Maximum yield obtainable from the topptr-reducinj' 
sugar portion of the molasses (jfe previous figures) = 28-35 

Add yield obtainable from, the non-sugar portion of 
molasses *=. 2 80 

Total 3M5 

Thus, a maximum yield of 31-15 per cent of dry yeast on molasses 
weight may be anticipated, and this is equivalent to 130 per cent 
of yeast at 24 per cent dry matter or to 115 per cent at 27 per cent 
dry matter 

The growth of yeast 

f l he rate of growth of a yeast cell depends on the characteristics 
of the yeast strain and on the nutritional and environmental 
factors influencing the cell These include the presence in the 
growth medium of all the appropriate nutrient factors: sugar, 
inorganic salts, and nutrilites together with such physical con¬ 
ditions as the temperature of fermentation, the pi ( of the medium 
and the degree and efficiency of the aeration. The presence of 
yeast growth inhibitors is also of importance. Deficiencies in the 
medium will limit growth and during measurement of any single 
one of the many factors affecting the fermentation it is obviously 
important to be sure that all others arc present in sufficient 
amounts not to limit the fermentation in any way. This has 
sometimes been overlooked in such work in past years, when the 
subject was not completely understood, and has been the cause of 
some misunderstanding and false conclusions. 

When a yeast cell is grown in aerated wort in the presence of 
abundant supplies of all the nutritional factors, and with sufficient 
air for all needs, the rate of growth is logarithmic (exponential). 

I he rate of growth oi yeast and the mathematical relationships 
which may be deduced for the quantities of yeast present in a 
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fermentation at various times, the amount of molasses (or other 
sugar source) and inorganic salts feed necessary at various stages 
of the brews, the air requirements, and other data depend on 
simple mathematical laws. As these are inadequately dealt with in 
most text-books, they are presented here from first principles. In 
one form or another some of the data presented appears in many 
papers(7 ? %)* 

The yeast cell grows and increases in weight by budding a 
daughter cell, which finally splits away from its mother at the end 
of time V minutes, where V is the “generation time ” for the yeast 
under the conditions stated. At the end of this period the mass of 
yeast present should he precisely doubled. The two cells will 
again double in number and mass at the end of time 2x minutes 
from the start. In this manner an initial seeding of yeast of mass 
V will grow as follows: 

Mass of Yeast 

Time (mins.) (or number of cells) 

0 a 

x 2a 

2x 4a 

Zx 

nx 2 n a 

This type of increase obeys the law of organic growth and is 

similar to the Compound Interest law, which can be illustrated as 
follows: 

If a quantity Po grows at a rate of r per cent yearly, then the 
gross amount at the end of t years will be Fn^PoCl+r/lOO) 4 , If 
the rate of increase is added at r per cent at n intervals in each year, 
the gross amount will then be given by A^Po(\-\-rjWn) n K 

However, as n increases, the interval of time becomes shorter, 
and if n is infinitely great, the growth addition is added con¬ 
tinuously to Fa. Thus, if rc=rm/100 

A=P4(l + ll7>i)™] rlim . 

But (l + l/w) fn =e (the base of Naperian logarithms=2-718), 

A=P*.e rtim . 

* Further mathematical treatment of the problems of yeast growth and fer¬ 
mentation appears in Chapter XV111. 
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Now rj 100 is the rate of growth and may be written as M* the 
modulus of increase for this exponential function. 

/, A=P*.t M . 

In yeast growth which entirely obeys this law, if P pounds of 
seed yeast grow continuously at a rate of increase M t at the end of 
time t t the total weight of yeast will be represented by A pounds. 
The equation can be written in the form 


M = 


log, (A iR) 


If A is made up of P units of original yeast, together with p 
units of yeast which has grown in the fermentation, then 

m= H* l(P+p)IP) 

t 

In any problem of this type it must be remembered that the 
Naperian logarithm of a number x 0-4343 = the logarithm of 
the number to the base 10 (common logarithms), so that 


M = 


log J0 (AjP) x 2 3026 


hor many calculations it is useful to know the hourly rate of 
growth of the yeast This is the numerical value of the factor 
(AjP) at the known modulus of increase M, when f=l. Thus, by 
simple substitution in the "master formula" it can be seen that 
for a value of ilf=0-371, the hourly growth rate (A/P) is equal 
to 1-45. Fig. 7 can thus be drawn giving the relationship between 
the hourly growth rate and the modulus of increase (M). A few 
of the values are given in tabular form in this figure for ready 
reference. 

Ihe&e mathematical relationships are fundamental to yeast 
manufacture. The generation time of the yeast is governed by the 
factors described above, and by other details such as concentra¬ 
tion of fermentable sugars and of salts in the wort fed to the yeast. 

\east growth in a wort would show a generation time of 2.1 
hours if the hourly growth rate (AjP) were 1-320 and the corres¬ 
ponding exponential modulus (A/)-02772. The fastest yeast 

*7 hc A/ is precisely equivalent to the symbol t employed in the 

mathematical discussions in Chapter XVHh ' } 
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growth experienced by the writer had (over a short period of 
growth) an exponential modulus M of 0*3717, giving under 
these circumstances a generation time of 1*87 hours (1 hour 
52 minutes)* 

Even though the efficiency of aeration of a yeast fermentation 
is satisfactory, and the nutritional needs of the yeast completely 
met, the best yeast yields can be obtained only by feeding the 
sugar-containing materials to the yeast in such a way that there is 
the best possible utilisation of the sugar, In other words the sugar 



Fig. ?*■—Relation, between hourly growth races AjP anti 
exponential growth modulo? 


must be fed at such a rate that yeast grow r th is maximal and loss of 
sugar as volatilised alcohol is minimal. The rate at which sugar 
can be fermented by yeast is very great, and sugar is wasted by 
being blown away in the form of alcohol and carbon dioxide if it 
is fed to the yeast at a rate faster than that at w r hich it can be 
assimilated by the yeast to form cell substance. At no time, 
therefore, should there be present in the brew r more sugar than the 
yeast can utilise immediately for the growth of cell material. This 
can be done only by trickling in the sugar-containing wort at a 
rate which precisely equals the rate of yeast grow th (assimilation)* 
A sudden addition of a large quantity of sugar will mean that the 
rate of fermentation greatly exceeds that of yeast growth, with 
consequent loss of carbon into the atmosphere as alcohol and 
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carbon dioxide, ^east yield, therefore, becomes optimal when the 
rate of feed of sugar wort is precisely similar to the rate of forma¬ 
tion of neu yeast in conditions in which there is no sugar wastage. 
Examples will make this point clear. 

Urews on a 1000-gallon scale under good conditions of aeration 
were carried out as follows; 

M All the sugar material was added to the start water dip 
($££ Chapter IV) which contained all the necessary inorganic 
salts, phosphate, and nitrogen. The yeast used as a seed was 
250 lb. of a fresh yeast, and molasses weighed 1000 lb. The 
yield after 12 hours' fermentation was 530 lb. gross yeast= 
280 lb, net yeast—28 per cent yield calculated on the weight of 
the molasses used. 

(h) The conditions were precisely as in (a)above, but the molasses 
was added in 1.2 equal portions at the beginning of each hour of 
fermentation. Yeast yield was 540 lb. net yeast, or 54 per cent 
on molasses weight. 

(0 Conditions were as in (a), but the molasses was added in 
such a way that 1/12th of the total molasses were added each hour 
at a steady continuous trickle throughout the entire fermentation, 

^east yield was 760 lb. net weight, or 76 per cent of molasses 
weight. 

(rf) Conditions as in {«), but the molasses and chemical nitrogen 
were added at an exponentially increasing rate of f\ow over the 
uhole period of 12 hours, to keep in precise step with the growth 
of the yeast. Yeast yield was 1060 lb. net, giving a yield of 106 
per cent of the molasses weight, (In all the above figures the yeast 
yields are calculated as yeast at 75 per cent w r ater content.) 

It becomes dear, therefore, that the sugar feed must be as 
nearly as possible to exponential to produce the best yield. 

^ is found in large-scale practice that a good yeast can be 
produced by employing a sugar wort feed addition which increases 
at ari hcur b r increment of M5 to 1-20 (i.e, exponential increase 
modulus M of 0 1398 to 0-1823), although greater or lesser 
growth rates may occasionally be used. The duration of a large 
scale factory brew (or “assimilation" as these brews ought to be 

cd) as usually between 8 and 15 hours, a popular fermenting 
period being 12 hours in which the wort h fed exponentially over 
the first II hours, and the twelfth hour is kept as a "ripening” 
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period, with the aeration of the brew reduced to a small figure. 
The “ripening’ 1 period is believed to mature the yeast cells, 
particularly the budding cells, and to stabilise the yeast for its 
future dough“fermenting activities, The figures in Table 8 are 


Table 8 


Y im t Growth and Wort Feed in a Model 32-hour Fermentation 


Time after 
Start of 
Fermentation 

Hourly 
Molasses \ 
Feed 

Total 

Molasses 

Fed 

Total 
Yeast in 
Breiv 

Total 

New Yeast 
Groton 

Hourly 

Air Used 

hours 

Ik 

lb . 

lb. 

Ik 

cu, ft. 

0 (start) l 

— 

— 

200-0 

— 

— 

1 

35-4 

35-4 

235-4 

35-4 

8,850 

2 

41 -3 

77-2 | 

277-2 

77*2 

10,450 

3 

49-0 

126-2 

326-2 

126-2 

12,250 

4 

57-8 

184-0 

384 0 

184-0 

14,450 

5 

67-8 

25F8 

451 8 

251-8 

16,950 

6 

80-2 

332 0 

532-0 

332-0 

20,050 

7 

940 

426-0 

626-0 

426-0 

23,500 

8 

nos 

536-8 

736-8 

536-8 

27,700 

9 

130 6 

667-4 

867-4 

667-4 

32,650 

10 

152-6 

820-0 

1020-0 

820-0 

38,150 

11 

180-0 

1000 0 

1200-0 

1000-0 

45,000 

12 


— 

1200-0 


Very little 


Aerated fermentation of 12 hours' duration with 11 hours' exponential wort 
feed folia wed by 1 hour’s "ripening’* with negligible aeration. 

Total weight of molasses fed, 1000 pounds, as a 50 per cent (w/v) solution, 
Seed Yeast =200 lb. 

Yeast Yield = 100'0 per cent on molasses weight. 

Final yeast concentration approximately 1 lb, per gallon. 


illustrative of such a 12-hour fermentation in which the yeast yield 
is precisely 100 per cent calculated upon molasses used. Figs. 3 
and 9 illustrate some of the interesting aspects of these fermenta¬ 
tions in linear and semi-logarithmic scales. In these figures the 
yeast growth rate is taken for an ideal case; the growth as measured 
in an actual yeast fermentation may show slight divergencies from 
truly exponential values. 

Calculations based on the fermentation. 


logip (AjP) x 2 3026 

t 

lo gi0 (1200/200) x 2’3026 

11 ~ ‘ ‘ 


01629, 

T \ Hourly growth rate—IT 77, 
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me is no lag period w this type of fermentation if the seed used 
U m g°°d fash condition. Growth starts as soon as the cells come 
J nto contact with sugar and salts, and an increase in yeast weight 

can he observed even after 15 minutes by the use of standardised 
sensitive methods(9). 
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Hours from Start of Fermentation 
FlC. 9.—‘Fermentation statistics (semi-logarithmic scales)- 

When plotted on semi-logarithmic paper, the total quantities of 
yeast present in the fermentation at any period lie on a straight 
line and the hourly increases are also linear. There is very little 
change in total yeast quantity present during the ‘'ripening 51 hour, 
in which no sugar feed is added to the fermentation. 


Cubic Feet of Free Air 
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Seed yeast requirements 

It is obvious that the final yield of a fermentation will depend 
on the initial amount of seed yeast present, on the growth rate 
and on the period of feeding during which this growth rate is 
maintained. Fig. 10 illustrates the relationship between these 

factors for various rates of growth and various fermentation 
periods. 


Hourly Increase Ratio 



Wort feed 

In the fermentation discussed in detail above, wort is fed 
incrementally, strictly in conformity with the yeast growth rate of 

' '' l } 0 “ rl { f^=0 1629). Thus, the hourly wort additions 
t hen plotted on a semi-logarithmic scale are linear, and arc pre¬ 
cisely equivalent to yeast growths during these periods The 
f Wort after each ho «r, however, is not a linear function on 
, Ut 1 a sca,e ’ as ,hcre 1S no addition of wort at the start of the 
fermentation to be equivalent to the seed yeast present. 

1 he ideal method of wort feeding is to trickle the wort into the 
cementation in a steadily increasing flow. This is, however 
ifiicult to achieve mechanically in practice, and the usual method 
opted is to feed the molasses solution a few gallons at a time 
W1,h "’creases in dosage at hourly or shorter intervals * 

It is often necessary to calculate the total weight of molasses 
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which should be fed into a fermentation at the end of a given time, 
or vice versa. Such calculations may be made by the use of the 
standard equation in all eases, the wort feed being deduced from 
ike equivalent yeast growth at the period of time under review. An 
example will make this clear. Suppose that it is required to calcu¬ 
late the time at which three-quarters of the total molasses should 
be fed to the fermentation discussed above. Now, three-quarters 
of the total molasses=750 lb, and at 100 per cent yield this is 
equivalent to 750 lb. of yeast Thus, as the seed yeast is 200 lb., 

log4-75x2-3026 

Therefore, 0-1629=--and thus t=9-56. 

f- 

Therefore, three-quarters of the molasses will be fed into the 
brew at the end of 9-56 hours from the start. 

Conversely it can be calculated that at the end of 9 56 hours 
[{P+p)IP]=W5 t and as P=200, p= 750. 

Any calculation of w T ort feed or yeast growth can be solved from 
the standard equations as suggested above. 

Air requirements 

As the quantity of fermentable sugar fed into a fermentation 
increases, an increasing quantity of air becomes necessary to 
satisfy the needs of the respiration of the rapidly increasing 
quantity of yeast present. If insufficient air is supplied, respiration 
and yeast growth will give way to alcoholic fermentation and yeast 
growth will be reduced. It is logical, therefore, that an exponenti¬ 
ally-increasing rate of air addition be used, in order to keep up 
with the oxygen needs of the fermentation. Air requirements are 
difficult to estimate, as the amount necessary depends on its 
efficiency of use. For example, dispersion of the air into fine 
bubbles decreases the total amount of air required considerably; 
the height and shape of the fermenting vessels make also a con¬ 
siderable difference in air needs. The taller the fermenting vessel 
(with the aerating tubes at the bottom of the vessel) the more 
efficient use will be made of the air as it passes upwards through 
the column of liquid. It can be stated, however, that as much as 
250 cu. ft. of free air are required per 1 lb. of 50 per cent 
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sugar molasses used. In this way, air figures may be arrived at for 
a fermenting system in which the air is supplied at low air pressures 
(about 6 lb.) through 1 in, air distributing tubes drilled with 
small holes (I millimetre diameter), placed at the bottom of the 
fermenting vessel, and using a cylindrical liquid column the height 
of which is twice the diameter. Air figures for a 1000 lb. molasses 
brew are illustrated in lable 8. The total volume of air can be 
decreased to something like one-fifth of the quoted figures if the 
air is broken up into minutely fine bubbles. This can be done by 
means of aerating elements made from ceramics and charcoal(10). 
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CHAPTER IV 


BAKERS* YEAST 

Modern practice in production of bakers 1 2 * * yeast 

Y east produced today is used for baking purposes, although a 
considerable quantity is used as a protein and vitamin dietary 
supplement in various forms, and a small amount is used for other 
pharmaceutical purposes* In the majority of yeast plants yeast is 
the sole product of the fermentation, but there are factories in 
which at some stages of the process the yeast may be more or less 
a by-product of a primary alcohol production process* Thus, 
there are European factories which still prepare both baking yeast 
and alcohol in the same process, the yield of alcohol being some¬ 
what reduced by a comparatively mild aeration in order to support 
the small yeast crop. Such processes are broadly similar to the old 
“Vienna' 5 method of yeast manufacture. 

Some plants find it desirable to produce alcohol with a small 
yeast crop at one stage of process, and to utilise the yeast as a 
seeding stage for a later process which will have yeast as the sole 
product. For example, a grain distillery using its alcoholic grain 
mash for whisky or solvent alcohol, or even for subsequent 
acetification as vinegar, can turn over the yeast crop from this 
process (providing that it is of sufficient biological cleanliness) as 
seed yeast for a later fully aerated process in which yeast is prepared 
from grain or molasses. Obviously, therefore, the variations in 
the ty pes of manufacturing processes may be numerous, but in all 
of them there are certain basic stages of manufacturing detail. 
These are; 

(1) Selection of a suitable strain of yeast that w ill produce a final 
pressed yeast possessing the qualities needed for correct fermenta* 
tion of dough. 

(2) Propagation of the selected yeast through all the necessary 

“culture' 1 stages (usually non-aerated or with only little aeration) 

to build up sufficient seed yeast to “pitch" the large scale final 

“assimilations", which are vigorously aerated, 
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(3) Preparation of the nutrient medium used for yeast growth 
in a specialised plant. 

(4) Separation of the yeast in suspension in the final wort from 
the spent fermentation liquor, and washing it to get rid of salts, 
gums, colouring matter, and unpleasant flavours in the "beer 1 ' or 
residual liquor surrounding the cells, This stage is achieved 
nowadays in the centrifugal yeast separator, which finally yields 
the yeast as a well-washed yeast 1 'cream 11 containing up to three- 
quarters of its weight as yeast. 

(5) Filtration of the yeast cream, usually in a filter press, to 
produce the cake of solid yeast, 

(6) Packing the solid yeast for sale to bakers in various con¬ 
venient forms. One pound cakes are most common in the United 
States, though half pound and quarter pound are also made. 

Waxed paper cartons, jute bags, and tins are also used in 
England. 

(7) Distribution, preferably under refrigeration, direct to bakers 
or to distribution branches for delivery to bakers. 

1 hese principal stages are illustrated in the flow sheet shown in 

% 11 . 

In any yeast manufacturing process it is a basic principle that 
the number of fermentation stages which can be operated from one 
culture is virtually unlimited so long as the yeast can be pro¬ 
pagated without significant contamination by infecting micro* 
organisms. From the author’s observations in British practice, the 
3cer brewer could learn a good deal regarding bacteriological con¬ 
trol and biological cleanliness from a short spell of work in a factory 
manufacturing yeast by the aeration process, Pitching yeasts, for 
sample, in use in many British breweries are often considerably 
^orc contaminated by infecting micro-organisms than a sample 
0 commercial stage baking yeast which has been made by a 
process involving the use of up to ten separate fermentation stages 3 
:vcn a mi ^ mfeaion by some micro-organisms in an early stage 
™ result in complete disaster later in the aerated yeast process. 

;■ good yeast with first class fermenting properties in dough, good 

ispersibility” in water, and good keeping properties, can he 
produced only by securing scrupulous cleanliness at every stage 
? manufacture. The yeast technologist's full efforts must always 
C devoted, therefore, to the growth of yeast with the virtual 
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FILTRATION PACKAGING COLD STORAGE BAKERY 

ROOM 

(refrigerated) 

Fig. H.—Flow diagram of compressed yeast manufacture. 
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exclusion of other micro-organisms, even on a scale of many 
thousands of gallons. His task is complicated by the fact that 
enormous quantities of compressed air must he used in the process 
tor the production of a good yield of veast. 

In addition to its freedom from contaminating micro-organisms 
yeast must be maintained physiologically active at every stage in its 
propagation. An efficient process will have a high “assimilation 
efficiency*' (yield of yeast weight of raw materials) with losses 
reduced to the unavoidable minimum. As the yeast is sold for 
its "baking strength" efficiency (i.e. the speed with which it 
will raise dough in bread making), all efforts must be made to 
preserve the enzymes responsible for this property. Yeast 
should also keep for several days without significant diminution 
of its fermentative power in dough, To these ends, the best 
conditions of yeast nutrition must be satisfied, and the yeast must 
not be deficient in any of the essential inorganic or organic 
factors. [See Chapter II.) Production of top quality baking yeast 
is, therefore, a highly-organised, scientific process in which no 
effort is spared in controlling all the conditions mentioned 
above. 

^east culture and propagation in the culture stages 

1 he yeast strain chosen must possess certain essential charac¬ 
teristics, It must have a lively fermentative activity in flour 
doughs and grow well in wort prepared from molasses or from 
starchy materials. The yeast must have good keeping properties 
after pressing into cakes, that is^ it should be able to withstand 
autolysis for a considerable period at normal temperatures* It 
should retain a good solid appearance, together with good dough- 
ra(smg properties* for as long a time as possible* Solid baking 
yeast of best quality will retain most of its baking quality and have 
a reasonably good appearance for 14 days at 7G a F* The strain 
should be capable of growing in highly-aerated worts to give 
a high yield. Other desirable properties include that of being 

maintained in culture without loss of the characteristics listed 
above, 

H ^ Aguiar intervals a loop of yeast from a selected stock culture 
js transferred, taking great precautions against infection, to a small 

ask of sterile grain wort containing about 6 per cent of fermentable 
sugars. 
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Molasses wort can be used if sufficient nitrogen, phosphate, and 
nutrients in which molasses is deficient are added when preparing 
the wort. After about 12 hours’ incubation of the wort at 25- 
30 C C, J the contents of the flask, now vigorously fermenting, are 
transferred to a larger volume of similar wort* This process is 
repeated several times, increasing the flask size at each transfer 
until a culture is obtained containing sufficient yeast to inoculate 
the first of the successive factory culture tanks. These must pro¬ 
duce enough culture yeast to satisfy the needs of the subsequent 
strongly-aerated stages* Throughout the culture stages the yeast 
must be completely free from infection, for access of any foreign 
organisms in any of these stages will be fatal to the production of a 
satisfactory product at the later stages. 

Careful attention must be given to the construction and method 
of working of culture tanks* Whatever design is used, transfer of 
the contents of one vessel into another without arty danger of 
contamination must be possible* Perhaps the best arrangement for 
transfer of yeast contents is to have the culture tanks arranged one 
above the other, so that transfers can be made by gravitation 
through the shortest practicable piece of sterile piping, Worts 
used in these stages must be sterilised in the tanks, so that after 
steaming and cleaning the tanks and connecting lines and valves, 
the wort and tank are sterilised together and then cooled before 
inoculation* The number and size of the culture tanks will depend 
entirely on the production capacity of the yeast process as a whole, 
but the number of tanks should be as small as can be arranged, 
as the manipulation necessary" in the early culture stages is con¬ 
siderable* No pains should be spared, however, in getting the very 
best designed equipment for this purpose. 

Each individual culture tank must have certain essential charac¬ 
teristics. ft must have sufficient capacity to retain all its contents, 
even when frothing is at a maximum, and must be designed so 
that it can be inoculated quickly and easily from the previous 
culture stage without danger of contamination. The tank and the 
wort it holds must be sterilised by boiling the contents and 
subsequently cooled without introducing infection. The tank 
must, therefore, be quite gas-tight except at one place where a 
filter of suitable design can prevent any contamination from the 
air entering the tank as it cools after boiling* 

Culture tanks will require connections for heating (usually by 
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steam) and cooling (usually cold water, or preferably, cold 
glycerol). The tank should be easy to clean with all corners 
rounded, so that no material can lodge in them, and should be 
fitted with indicating and recording thermometers to maintain a 
complete check on its operation. As a further refinement it Is 
desirable to have thermostatic control of the culture stages to make 
them as foolproof as possible. Sterile air is supplied by a tube 
distributer system. 

All the culture-stage tanks should, for preference, be housed in 
a special room, with a multi pie-entrance door, ventilated by a 
conditioned and filtered air system under slight excess pressure. 
Such a culture department should be maintained in a state of hospital 
cleanliness, with glazed walls and smooth tiled floor, and with an 
occasional antiseptic “mist 1 ’ spray for the atmosphere. All metal 
parts of vessels should be kept highly polished, and the operator 
should be dressed as for surgical duties in sterilised garments 
which should be put on in a dressing-room attached and similarly 
appointed, As a further modern refinement, ultra-violet lamp 
equipment may be installed to maintain the cleanest possible 
atmosphere. Ultra-violet lamps help considerably in keeping 
down atmospheric infection. 

It is certainly true that good results can be obtained without all 
these “refinements ’ by scrupulous attention to the operational 
technique for the culture vessels, but the extra precautions will 
cost relatively little, and will all add to the margin of safety. The 
writer is quite convinced that there is an unanswerable case for 
making the conditions in such a culture house quite as favourable 
as they should be in a hospital, and the plant operatives should be 
quite as conversant with sterilisation technique as a hospital 
attendant ought to be [ 

1 he rate of growth of the yeast in the culture stages will be 
relatively small because, in the main, quiet unaerated growth is to 
be encouraged, and the use of very much air is always likelv to 
introduce stray infection. The first few culture tanks should 
preferably be given only a few minutes' gentle aeration two or 
'. rct ,lmcs an h° ur > air used being passed through a multiple 
niter of the best design, and proved sterile by regular tests. Such 
aeration will keep the yeast in suspension and provide reason¬ 
able yeast growth in the vessel with the minimum danger of 
contain] nation. * 
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Details of Yeast Culture Stages (F,| to R5) 
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bakers 1 yeast; production 

Table 9 shows the details of volumes, quantities of raw materials 
and chemicals used, yeast yields, etc.., for the various culture stages 
The first stages illustrated, F.l, F.2, and F.3 use only the 
minimum amount of air, carefully filtered first through pumice 
blocks soaked in sulphuric acid, and then through cotton wool. 
The worts used contain about 5 per cent of fermentable sugars, 
and the pH should he adjusted to 3-5* with sulphuric acid, the 
wort then being boiled for about 1 hour in the tanks for complete 
sterilisation. ] he fermentations proceed steadily with occasional 
gentle rousings with air, for 12 hours at 84-90° F. (29-32° C. h 
before transferring them to the succeeding stage. 

1 he much larger stage F,4 is carried out in wort of about 5 
per cent fermentable sugar concentration and aeration is supplied 
at the rate of about 100 cu. ft. per minute. The factory air 
supply is filtered through a “Visco-ring” filter (a cylindrical con¬ 
tainer filled with oil-covered brass or steel rings £ to 1 in. in 
diameter) to remove contaminating dust and organisms. The 
fermentation is of 12 hours’ duration. 

The final culture stage F.5 is also carried out in a wort of 
original fermentable sugar concentration about 5 per cent (w'v) 
with aeration at the rate of about 1000 cu. ft. per minute through¬ 
out the 12 hours’ fermentation, an oily ring filter system again 
being used for treatment of the factory air supply.” The same 
biter system can, of course, be used for F.4 and 1.5 stages. The 

° f 14 3IKl ar£ t!lC SanW as t,1e P rece ding 

This system can produce about 1000 lb. of yeast which should, 

1 precautions have been most scrupulously observed, be 
entirely free from contamination by other micro-organisms. The 
ermented mash from the last stage is now ready to be fed into the 
next stage, which can be exponentially fed to give a large yield. A 
ra P\ ^ c j- ease m available yeast for seeding purposes can be 
o tamed by further precommercial stages* exponentiallyTed the 
Humber of such stages being limited only by the infection rate. 

orts lor the culture stage are prepared by running the required 
amount of separated strong molasses, or grain wort through a 
cnlc pipe directly into the cleaned and sterilised culture tank. 

* er for dilution is added at this stage, together with chemicals 

considcrMl iTf’' "’ ! ,1C ° - used I'crc amt in the later slajjes would he 

-"eMltrefcired fcr yeas.. A ,11 of ?£& 
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and the pH is adjusted to about 3*5 with sulphuric acid* The wort 
is brought to a boil with live steam and boiled for sufficient time 
to effect complete sterilisation of the wort and all the interior of the 
vessel* The wort is next cooled to 84“90 : F* by passing cold water 
or glycerol through the cooling coils (or jacket). During the 
cooling stage precautions against access of infection must be 
observed, by admitting only filtered air as the steam in the tanks 
condenses* 

Preparation of the nutrient wort 

In most yeast factories the sugar source is molasses, or some 
type of starchy material. Cereal grain worts are virtually obsolete 
for yeast making wherever molasses is obtainable, but are not with¬ 
out interest because of the special mashing method employed. 

Only a very little grain yeast is made in England or the United 
States at the present time, but starchy grains may still be valuable 
raw materials in countries where molasses is not available. Starchy 
materials must be treated in such a way as to saccharify as much 
as possible of the starch into carbohydrates assimilable by the 
growing yeast* As much soluble matter as possible must be 
extracted from the cereal materials* This makes the mashing 
different from that used m beer brewing, where, although total 
extract is important, the nature of the non-fermentable portion of 
the soluble extract is so important to the flavour and character of 
the resulting beer. While, therefore, the beer brewer extracts his 
grains so as to attain fermentable extract together with a charac- 
• teristic fraction of unfermentabie carbohydrates (malto-dextrins, 
etc.), the yeast brewer degrades his dextrin fraction as completely 
as possible to yield as much assimilable material as can be obtained 
for the yeast. The maximum degradation of proteins into assimil¬ 
able low molecular nitrogen substances must also be brought about 
by the proteolytic enzymes of the mash, 

A large variety of starchy materials may, if available, be used 
for yeast production, including barley, wheat, oats, maize, rice, 
millet, rye, or other grains. Normally a proportion of the batch 
consists of barley which is first malted to a very high diastatic 
power.* The malted barley is then crushed and added to the 
remainder of the starchy materials, barley, wheat, maize, rice, or a 

* Some yeast makers in the U.S.A* did their own malting of barley and used 
the malt preen, without kilning iL 
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mixture of some or all of these, which have been previously 
crushed in a mill, steeped in warm water, boiled to gelatinise the 
starch and cooled to a suitable temperature (usually about 50 : C.) 
The diastatic conversion is carried to completion under the best 
conditions available for the particular materials in use. The con¬ 
version conditions may vary considerably with the raw materials, 
the proportion and kind of diastatic material available, and the 
brewing water used. This process is carried out in the conventional 
manner in a mash tun. When the saccharification is complete 
the mash is heated to about 160 °F. and dropped into a lauter 
tank (or "clarifier”) in which the wort is drained off. Sparging 
of the grains with hot water is continued to obtain thorough 
extraction since a dilute wort can be used. The spent husks are 

ayadabJe for animal feeding, manuring, or for acid distillation to 
yield furfur aldehyde. 

The clear wort can be pasteurised by heating to 80-95°C. in a 
heat exchange steriliser such as that shown in Fig. 12. It should 
then preferably be clarified free from sludge bv a centifrugal 
clarifier or a filter (Figs. 12 and 13), the wort then being sent to a 
storage tank where sterile water is added to make the wort to some 
definite volume, precautions being taken to keep the wort free 
from extraneous infection. If satisfactorily prepared and sterilised 
there is no reason why the wort should not be cooled and stored 
cool for subsequent feeding. Storage in this way greatly assists 
in preparation of a yeast of excellent colour. 


1 he wort is now ready for use in the culture and exponentially- 
ted stages. Gram worts will be less concentrated than molasses 
worts. For example, it may be possible to produce a final tank of 
wort at a gravity of say, 15° Hailing, approximately equivalent to 

11 pcr ctn ! < w ' v ) of f e™entable sugar. This means, that in 
exponentially-fed fermentations, such wort must be run into the 
assimdation m considerably greater volume than molasses wort 

which is usually fed as a solution containing 40 per cent or more 
fermentable sugar, c 


The wort may be kept hot to prevent the growth of infection 
and the storage tank must be supplied with a steam line for this 
purpose, he large bulk of a grain brewing, and the difficulty of 
getting a wort to a constant strength at a constant volume, makes 

from molasses, ^ ^ P rccise P™ than 
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It was at one time maintained that for the best practice in yeast 
making from grain, it was necessary to submit the mash to a 
preliminary process of <s lactic souring by means of a grain in¬ 
fusion culture of lactic bacteria, usually Lactobacillus ddbrudm. 
This process was said to result in mashes richer in nitrogenous 
yeast foods, and to produce worts which would yield “purer” 
yeasts. Such a practice is becoming less common nowadays. An 
increase in soluble nitrogen can be provided less expensively bj 
addition of ammonium phosphate, and modern bacteriological 
control does not need this elaborate process to help in the pro¬ 
duction of pure yeasts** 


* The lactic acid souring process was used in the U.5.A. yeast factories before 
the use of ammonium sails was common. It increased soluble nitrogen rn 
the mash slightly, but its chief advantage was in keeping down infections in me 
mashes H and making them easier to sterilise because of their lower pH, in me 
US ^ malt sprouts sometimes made up a third of the total mash biJJ tor a yeasc 
mash. This and the use of green malt introduced large numbers of thermopiles 
into the mashes and lactic arid sourirgs helped to keep them under control. 
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CHAPTER V 


BAKERS* YEAST 

Preparation of molasses wort and control of the 
fermentation 

TN England and in much of Europe, beet molasses, containing 
148-58 per cent sugar as invert sugar is used as the sugar source 
for yeast production, sometimes with the addition of molasses 
from other sources, “raw” cane, refinery cane, or high-test cane 
molasses for example. It is usual to prepare a highly concentrated 
solution of such molasses for general use, the precise strength 
depending on a number of factors, as will appear later. This 
' concentrated molasses wort” may thus be prepared as a solution 
containing, say, 40 per cent (w/v) of sugar, by making a weighed 
quantity of molasses up to a definite volume with hot water, 
using a mechanical stirrer. The solution is then brought up 
to the necessary sterilising temperature with live steam preferably 
in a stainless steel boiling tank, and is heated sufficiently to effect 
complete sterilisation. The modern plate heat exchanger may very 
conveniently be used for this purpose as this makes it unnecessary 
to keep a large tank of wort hot for a long period. 

I heie is considerable difference of opinion on the precise 
procedure to be used in this stage. Lowering of the natural pH 
of the medium (usually 6 0-7 0) reduces considerably the time 
required to sterilise a molasses wort, but the healing at a low pli 
causes rapid production of brown colour in the wort, objectionable 
because this often results in a very dark-coloured yeast, whereas 
the baker prefers a light-coloured product. There is also some loss 
of fermentable sugar by sterilisation at a low pH, The process of 
caramelisation ,J and sugar destruction are parallel* The influence 
the sterilising period on total bacterial count and on loss offer- 
memahlc sugars at various pH values with beet molasses worts is 
emonstrated in Fig. 14. The exact process of sterilisation used 
must therefore depend on the molasses and the mechanical 
equipment available. It must be noted that, if a low sterilisation 
p 1S used ’ the salt mixture employed for yeast feeding in ex¬ 
ponential fermentations will be more alkaline than the mixture 
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used in conjunction with a molasses wort sterilised at its natural 
pH. 

The w T ort from the molasses sterilising vessel must next be 
clarified from the sludge which it normally contains. The sludge 
is mainly inorganic, containing much calcium sulphate, silica and 
other “earthy” material, but it also contains small amounts of 
precipitated proteins and fatty and vegetable cellular materials* 
Much colloidal material is often present in the sludge, making 
unaided filtration ( e.g. through paper) extremely difficult* Beet 



pH 

Fig, 14.—Destruction of fermentable sugar and bacteria by heating beet 
molasses at 100*C. for one hour at varying pH values. (Initial sugar in solution 
— 40 per cent a$ invert. Destruction as percentage of total sugar at start.) 


molasses gives a comparatively light sludge compared with the cane 
molasses types. Although it is not essential to separate the sludge 
from the molasses as far as the assimilation is concerned, it is 
desirable so that the yeast will not become contaminated with the 
sludge. Some authorities have contended that the sludge has 
a deleterious effect on yeast fermentative power and keeping 
properties* While this is open to considerable doubt, there is no 
question that molasses clarification does often Improve yeast 
appearance, especially when a poor grade of molasses is in use. 
Several methods of clarification have been suggested, and these 
divide into two classes, chemical and mechanical 
Chemical clarification can be carried out in several ways, the 
principle of these methods being to occlude the colloidal sludge 
(difficult to filter) in an inorganic precipitate which can be readily 
filtered. Such methods include: 

(a) Addition of a small quantity of freshly-slaked lime, followed 
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by a calculated amount of phosphoric acid or a soluble phosphate 
to produce a precipitate of calcium phosphate. This process is 
usually most successful if the phosphate is added to produce a final 
pH of about 60-65* 

(b) Addition of a small quantity of a soluble aluminum salt to 
the wort, followed by the addition of ammonium hydroxide to 
obtain optimum precipitation. 

In all methods the wort is filtered bright by means of a filter 

press with a little kiesclguhr diatomaceous earth, or similar 
material as a filter aid. 

Such methods, however, have tended to fall out of favour as 
they are relatively expensive to carry out, awkward to handle, and 
ecd considerable space. They are also wasteful of materials and 
ay be regarded as suspect from the bacteriological point of view 
particularly as the temperature drop is considerable. 

, ' Mncchamca! methods of clarification of wort by means of the 
modern centrifugal clarifier have now chiefly ousted the chemical 

is faHm rt i P T Se ' The h0t WOft from tl,e steri,isin e vessel 
s fed into the chn&r continuously, the sludge being retained in 

f 1 Chrlfier b °" 1 “»* dear wort led away from the clarifiers 

Z T "*,rt The ra0dem ClarifiCr has * iar ^ ^ capacity 
no thus needs the minimum of time for cleaning. The advan- 

ages of mechanical clarification are very considerable, for the 

chemicalLr fib . eCOn °, mic of s ? ace > llccds » clarification 
emicals or filter aids, and possibilities of bacteriological com 

ammation are negligible as the fall in temperature of the hot 

- in very small An illustration of such a modern clarifier and 

£ aL /r m 8 afC f °" n !n Fi ^ 12 15. The machine 

-1 ust t u{ has a capacity of 1300 gallons per hour and a battery 

Veast fact hree ™ achlnes of thls ca P acit )’ ^ sufficient for a large 
ast factory-. The separated sludge has little value but may be 

;t 8 kT‘' l,nd " h "* Aita °< *™« ■ k™ 

t«ar ysi!c i tjr «»• ■»*> •> 

«®uld be very L '- S - A - 

molars using'either p attend v' ,er P r “ 1 ’“'« of P^Me- 

,s probably most common in thTtl c , T ° Swwland-type filler presses 

anJ sniiSTori , IspedoBv if ^Ta SC 1 lm ™ ,a,i01 ' “ •* «*"• 

fermentation for alcohol, ’ p J the sludge layer can be added to a 
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The storage tank for the clarified wort is designed to give com¬ 
plete freedom from infecting organisms* Supplies of wort to the 
culture stages can be drawn off at this stage to the appropriate 
tank by means of a freshly-sterilised pipeline, using gravity feed 
where possible to avoid the use of a pump. The mechanical 
methods of addition of wort to an exponentially-fed assimilation 
are discussed later* For good yeast colour the sterile wort should, 
if possible, be stored cook 

Exponentially-fed yeast “assimilations" 

By small, virtually unaerated culture stages followed by in¬ 
creasingly large stages employing mild aeration, a supply of seed 
yeast can be produced entirely free from infecting micro-organisms. 
In the process illustrated in Chapter IV, there will be about 1000 lb* 
of biologically pure yeast present at the end of the F.5 stage* It 
must be emphasised that this is an illustrative example only. 
The precise sizes of brews and numbers of stages will depend 
on the output desired and the local factory conditions and 
equipment* 

From the F.5 point onwards, it would become very uneconomic 
to propagate further yeast by these methods because of the very 
small yeast yields obtainable, and it is thus desirable to commence 
the use of exponentially-fed, highly-aerated assimilations. The 
number of such succeeding brews is governed only by the amount 
of infection which is picked up, and the greater the biological 
cleanliness of plant and process the more stages can be carried 
through. The economic implications of this point will be obvious 
upon a little reflection. Stages F*I to F.5 are “nursery” stages for 
the yeast in which yields are very small, and a great deal of time 
and trouble have been taken in producing the 1000 lb. of yeast 
present in F.5* At this point the yeast is seeded into the E *6 stage, 
which is highly aerated and into which sugars and nitrogenous 
materials are fed exponentially to yield up to 100 per cent yeast or 
more, based on the molasses weight, under the best conditions. 
This yeast is carefully separated and stored as a yeast cream for 
seeding several succeeding F*7 stages, and the yeast from these is 
similarly stored and used as seed for the following F.8 stages. If 
the factory output should require it, these yeasts may even be 
used to seed many F.9 stages to follow. 

The production of seed yeast is an expensive process, and the 
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greater the number of exponential stages grown from an initial 
culture, the cheaper will be the final product. Furthermore, it is 
often found that the demand for yeast may fluctuate considerably, 
even from day to day, and if, for example, an additional output 
is necessary on some specific occasion, it is invaluable to have such 
a flexibility of process that it is possible to use the (normally) final 
stage “commercial” yeast as seeding for a still further" stage 
Calculating the yield of yeast as 100 per cent of the molasses 
employed, the programme of yeast fermentation from one initial 
culture shown in 1 able 10 can be carried out. 


t ABLE JU 


Programme of Yeast Production from One Culture 


illtflasses used 

Single cell laboratory culture 
(Total yeast = lf]Q l * grm.) 


Stages FT to F.5 

(Yeast at F.5 stage = 1000 lb,) 

4000 lb, 

ftOOO lb, in each brow 

F.6 stage 

P 3 X F.7 stages 

i 18 x F.8 stages 

1,108 x F.9 stages 

(Yeast=5000 lb.) 

east -9600 ]h, in each stafiel 

L Total yeast =28,800 )b* J 

(Total yeast = 172,800 lb.) 

(Total yeast = 1,016,800 lb.) 


i imermcdiate between any of these fijr 

numbers and si^es of the assimilation:*. 


Recapitulating, therefore, under the conditions shown in the 
programme illustrated in Table 10, 172,800 lb. of F.8 stage yeast 
can be produced, and if all this were used as seeding yeast it could 
produce up to 1,036,800 lb. of F.9 yeast, It will be appreciated 
that ail these figures can be varied at will by changing the sizes of 
the brews employed (weight of raw materials employed, volume of 
brews), seeding rates, growth ratios (i.e. rate of sugar feed) 
duration of assimilations, etc. If very large assimilation vessels 
are available, the number of the F.8 and F.9 stages can be propor¬ 
tionally reduced. Some factories, for example, employ vessels of 
up to 30,000 gallons capacity for the last stages.* 

The nature of the exponentially-fed assimilation can now be 
discussed in detail. Maximum yield of yeast from sugar-containing 
materials can only be obtained by feeding small quantities of such 


production usually stops at stace F 6 which 
is pM .*&?“ lb. Of yosi, sultici™, to seed afleast **t 

commercial Vcast stages, Practice, however, varies widely. 
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materials, together with appropriate quantities of inorganic 
nitrogen, at intervals to the growing yeast, to keep in precise step 
with the rate of growth of the yeast* In this way there is never 
more than a very small concentration of sugar in the medium 
at any given moment, and the small amounts of sugar and 
nitrogenous salts &re assimilated rapidly to form new yeast cells. 
The loss of sugar (by fermentation) into alcohol and carbon 
dioxide is reduced to a minimum. To obtain these results it is 
necessary that the aeration be correct and that all the limiting 
nutritional and growth factors are satisfied. If more sugar is 
added to the wort than the yeast can assimilate the excess 
sugar will be fermented , and thus wasted, and yeast yield will be 
reduced. 

In any exponentially-fed assimilation the seed yeast is inocu¬ 
lated into a "start volume 15 of water containing the requisite 
quantity of inorganic phosphorus, together with calcium, mag¬ 
nesium and potash, if these are deficient in the raw materials. To 
this seed yeast suspension are then added the sugar-containing 
wort and the nitrogenous chemicals solution in exponentially- 
increasing amounts over the period of the assimilation (as much 
as 11 hours), with aeration supplied to the brew in adequate 
volume. The tank in which the operation is carried out must be 
carefully designed to meet all requirements and such a fermenter 
is illustrated in Fig, 16. It is important in the design of this tank 
to be able to sterilise it completely and to carry out the assimilation 
under conditions which keep out extraneous infection. A closed 
tank is therefore preferable. It should be fitted with a domed Hd 
and air exit shaft designed to be cleaned easily. Essential services 
to the fermenter are compressed air, hot and cold water for filling 
up to the starting level, and for cleaning purposes, live steam at 
the best pressure available for sterilising and for heating, and a 
coil for either cooling or heating purposes. A jacketed vessel 
may be used so that live steam can be run through the jacket for 
sterilising purposes, giving great steam economy and good surface 
sterilisation. As such a jacket can also be used for cooling purposes 
it renders a coil unnecessary. Steam for heating can be con¬ 
nected to both air line and cooling coil. Piping must also be 
fitted for introducing the seed yeast (which is inoculated into the 
brew as yeast cream), the sugar wort and the chemical feed, and it 
is also an advantage to have pipes for acid and alkali additions for 
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'2^ Automatic feeding valves 

4 1Measuring vessels 

\ ^ acer ai *d seed yeast pipe 

® Steam 

atcr or steam to toils 
" ™ from coils 
J Steel ladder 
^ Coils 


KEY 

11 Horizontal air pipe with distribu¬ 
tion lubes fitted at right angles to 
cover bottom of vessel 

12 Ami-frothing oil 

13 Draw-off pipe 

14 Man-hole 

15 \ Ball valves to constant level 

16 / feed tanks 

17 Glass observation window 

Igi 

>Level compensating tubes 
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pH control purposes.* Provision must be made in some form for 
the addition of anti-frothing oil to suppress the very voluminous 
foam which forms at intervals throughout the brew (such a device 
is described in English Patent 397,722 (1933) in which the oil is 
automatically injected when the foam reaches a definite level in 
the fermenter)* 

The procedure followed in atypical assimilation is demonstrated 
in a progress sheet report in Table 11 * This is for the F.7, F*8, or 
F*9 stages, which use 8000 lb* of molasses as raw material. The 
principle of the assimilation will, of course, hold for the addition 
of an equivalent amount of saccharified cereal wort. Seed yeast 
consists of 1600 lb* of yeast from the previous stage inoculated as 
300 gallons of yeast cream pumped from one of the seed yeast 
storage vessels. The cream is added to 12,000 gallons of water in 
which has been dissolved the necessary quantity of inorganic 
phosphate together with a proportion of the ammonium sulphate 
to provide copious initial nitrogen and sulphuric acid to bring the 
liquid to the required pH* In the brew shown, a little magnesium 
sulphate has also been added. The temperature is adjusted to the 
chosen figure, say 85°F., and the airflow is commenced. Wort 
feed and addition of nitrogenous salts, usually a mixture of 
ammonium sulphate and ammonium hydroxide solutions, are then 
begun. 

There are a number of ways of adding the two solutions at 
exponentially-increasing rates. For example, they may be fed 
through valves at a steadily increasing rate of flow by a process 
worker who controls the rate of fall of the supply of the two 
liquids by some suitable gauge from a containing vessel* One 
of the most convenient methods, however, is by the use of a 
Swedish (Aktiebolaget SJ.A,, Stockholm, Sweden) meter device 
which, by means of an electrical impulse system, discharges a 
measured volume of each solution at given periods of time through¬ 
out the run from calibrated measuring tanks into the assimilation. 
A mercury tumbler switch is arranged to fit on to a metal band 
which is moving at a fixed rate. Fig* 17 illustrates this portion of 
the apparatus and Fig. 18 shows the measuring vessels fitted to a 
yeast assimilation vessel. The band is cut at regular intervals by 
small slots, into which the tumbler switch drops at the required 

* If strong add and solid alkalies are used the additions for pH control arc 
small and may be made by way of the man-hole. In U.S.A. practice such addi¬ 
tions are usually made in this way* 
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times, each drop of the switch activating a solenoid which opens a 
valve, allowing the fixed volume of feed liquid into the assimila¬ 
tion. In this manner measured amounts of the two solutions are 
fed at decreasing intervals of time, the rate of addition of the sugar 
and nitrogen keeping pace with the rate of growth of the seed 
yeast. Thus, in the fermentation quoted, 1200 gallons of molasses 
wort are fed into the assimilation over II hours of feed in 150 
“doses” of eight gallons each, and 1200 gallons of chemical feed 
liquor are similarly added. Addition of the two solutions is 
synchronised by the feeding device.* 

The molasses or cereal wort is sterilised in large quantities and 
sent to a storage tank where it may be kept hot to prevent growth 
of infection. From here it is gravity fed to a number of smaller 
storage tanks which maintain a constant head of wort which 
flows as required by the automatic feeding device into the con¬ 
stant volume measuring tank. The raw material is thus fed as 
a definite volume of wort, the composition of which is kept 
steady by regulated preparation of the starting material at the 
beginning of the system. In similar fashion, a large stock of 
nitrogenous feed is regularly prepared and pumped to a storage 
tank which supplies smaller “constant head” vessels which in 
turn feed the chemical measuring tanks. (5fe Fig. 11.) 

This system of feeding becomes extremely flexible in use. Thus, 
the F.7, F.8 t and F.9 stages use 1200 gallons of wort {8000 lb. of 
raw molasses) in ISO doses, each of 8 gallons. To feed the 
F,6 stage, which uses only 4000 lb, of molasses, it is simply 
necessary to fit a half-sized measuring tank to the system (the 
tanks are very readily interchangeable) and to use the same electri¬ 
cal impulse system. There is no necessity to use any complicated 
weighing system to measure out different quantities of raw 
material and any change in the quantity of molasses added can 
readily be made by regulating the size and number of the “doses” 
and spreading these out over the feeding period. The times 
during which any quantity of wort should be added can readily 
be calculated from a consideration of the mathematical data 
given in Chapter III, and the metal band “tape” of the measuring 
device is cut accordingly. Variations in the amounts of nitrogen 

* Feeding of wort in U-S.A, practice is usually controlled by weir-type cali¬ 
brated valves in connection with a meter, or by auxiliary measuring tanks over 
the femicnter. Addition of aqua ammonia is made from a measuring tank or a 
weighing tank. 
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Table 11 

Progress Sheet for Typical Ymst Assimilation 
Stage F + 8 

Assimilation number 108 Seed Yeast: 1600 lb. F.7 
Date: 10/8/1948 Yeast Culture Number—L.X.24 


Time 

Hours 

from 

Start 

pH 

Formal 

Value 

Total 
Gak . in 
Fermenter 

Gravity 

Balling 

Chemicals 
added for 
control of pH 
Gals * l lb. 
H s S 0 4 jNatCOj 

Air 
£U*/f. 
per min* 

Temp* 

op 

a,m. 









82 

5 

(0) start 



12,000 

0-7 


— 

1180 

6 

1 

4-12 

045 

— 

— 

— 

— 

mmm 

82 

7 

1 



— 

— 

— 


mmm 

82 

8 

3 

4-22 

055 

— 


,— 

— 

1930 

83 

9 

4 

4*16 

G'SQ 

— 

—* 

— 

— 

2260 

S3 

10 

5 

4-20 

Q l 5Q 


— 

— 

— 

2670 

84 

11 

6 


0 55 

— 

— 

— 

— 

3140 

84 











12 

7 

4-25 


— 

— 

— 

— 

H9 

85 

p.m. 

1 

S 

4-48 

0S5 



B9 


4360 

85 

2 

9 




— 

— 

__ 

5100 

85 

3 

10 


0-3S 

—_ 

—, 

— 



85+ 

4 

11 


0-25 




— 


SSf 

5 

12 


0-25 

§yj|| 

3 2 


"" 

very little 

85+ 


• Aeration dropped to minimum during the last hour when no wort is being fed, 
| Cooling water run through coils* 


Materials and Chemicals used 

Molasses used: 

8000 lb. beet from No. 1 molasses storage tank sterilised at pH S'O for 60 
minutes and made to total volume —1200 gals. 

Fed exponentially through meters in ISO stages of 8 gals* 

Total Sugar=4000 lb. (as invert). 


Chemicals Used 

Dissolved in start water Chemical Feed Liquor 

324 lb. Na,HPO,.12H,0 310 lb. NH.OH 

48 lb. (NHjl.SO, (25% NHJ 

10 lb. MgSO,.7H,Q 329 lb. (NHJ.SO* 

Made up to 1200 gals, and fed 

(Total P s 0 5 £ =64 lb.) exponentially in ISO stages* 

(Total N a =144 lb,) 

Yeast Recovery 

In Fermenter : 


Final volume of fermentation —14*000 gats. 

Total yeast present by viscosity test = 10,000 lb. . 

Gross Yield (Standard Consistency Yeast) =t 25% on molasses weight. 


After separation, t washing, pressing, and packaging: 

Total weight of yeast packed=9600 lb. 

Recovery efficiency =9600/10,000 x 100% = 96%, 

Gross Yield (of packed yeast)=120% on molasses weight, 
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Net Yields 

In FemenUr^^Od lb.=lQ5% on molasses weight \ 

= 21Q% on sugar (as Invert)/ 

Packed = t 8000 lb. — 100% on molasses weight \ 

-200% on sugar (as Invert)/ 

Growth Modulus (M) =0-1666 

can be similarly arranged (volume and concentration can both 
be varied) and a valve in the chemical system can stop the flow 
of the chemical feed if too much nitrogen is being fed into the 
assimilation, 

It is desirable to add the required phosphate to the assimila¬ 
tion in the start water, because phosphate is very rapidly taken 
up by the seed yeast to prepare the latter for the considerable 
anabolic activity. No diminution of yield results from this practice. 
Id the case of the nitrogen, however, there is considerable evidence 
that this is best added incrementally. 

One of the salient features of this type of yeast propagation is 
the necessity to maintain the hydrogen ion concentration of the 
brew at a reasonably steady figure. Opinions upon the precise pH 
to be used show considerable variation. Schwartz and Kautmann 
found that the yield of yeast grown in a malt wort medium was 
independent of the pH within the range 3 5-6-5 t while Faxnar 
has stated that the optimum initial pH of a yeast fermentation is 
3 4-3 9, later pH values obtained in the brew being less im¬ 
portant. In practice, pH values between 3-5 and 4 5 appear to be 
quite satisfactory. If the pH is allowed to fall too low, there is 
some evidence that the yeast colour may suffer. The advantage of 
using a mixture of ammonium hydroxide and an ammonium salt 
(say sulphate) becomes apparent in this instance. The growing 
yeast takes up nitrogen from an ammonium salt during vigorous 
growth by abstracting the NH S radicle (which is assimilated into 
proteins) and rejecting the S0 3 radicle as sulphuric acid 
thU^TH^0=H 2 S0 4 ) into the nutrient solution. The pH of 
the latter falls in consequence, but the addition of ammonium 
hydroxide balances the drop in pH while providing further 
nitrogen for yeast utilisation, 3t will be readily understood that a 
suitable mixture of ammonia and an ammonium salt should thus 
be able to strike a balance which is further influenced by the effect 
of the phosphate source. 

The composition of the nitrogenous feed will depend to a large 
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extent on the conditions of operation, duration of the assimila¬ 
tions, the type of raw materials (molasses or grain), and the yield 
of yeast obtained. The amount of buffering substances present in 
the raw materials is an important factor in this respect. (Set 
Fig. 19.) The source of phosphate used will depend upon the best 



MLy H,S0 4 -«- NaOH 


Fig, 19.—Comparative 


buffering power of various molasses types- (Graph 
B ■ - ■ 50 grm. of distilled water 


shows reagents added to 100 grm. of molasses and 

in each case.) 


and most economic source available. The ammonium pMJ*? 
are excellent salts in this respect, but are rather expensive^although 
they do, of course, supply nitrogen in addition t0 
factor has to be taken into account when costing the material). 
££ pLphate N..HFO, (2H,0 or 12H.O) is . ch„P 
source of phosphate and can he used satisfactorily for yeast manu¬ 
facture. This is a mildly-alkaline salt, and if it is used it is n*«MM7 
to add acid to the start water to produce the correct initial pH. 
The yeast utilises the phosphate portion of the molecule P 
ferentially to the basic portion, but any tendency PJ 

rise in consequence enters into the general pH balancing efl: 
previously tod. Fttttta. faMV f the “ 

Luctn to maintain the pH at the eo.teet figure « b * n 
bv the use of small quantities of sodium hydroxide (or sodmm 
carbonate) solution. « of aolphurie add, for the teapeon.o » - 
rection of downward or upward trends in pH which may 
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make their appearance, even after a good balance of nitrogen feed 
has been devised.* 

The final factor in the nitrogen feed is the necessity of keeping a 
supply of this element in the nutrient solution at the disposal of 
the yeast. This is checked regularly, half hourly or hourly, by 
means of the well-known, simple* " for mol 1 test. I his is made by 
titrating 100 ml* of the fermenter contents to the phenolphthalein 
end-point with normal sodium hydroxide* adding 10 ml. of 40 
per cent formaldehyde solution, and repeating the titration. I he 
volume of normal soda required for the second development of 
pink colour is the formal value, and this should not be allowed to 
drop below 0-5 during active assimilation by the yeast* In the very 
final stages of the assimilation it may be allowed to fall to 0 2 to 
prevent unnecessary waste of nitrogenous materials* 

* Diammonium phosphate is completely used up by the yeast } hence has no 
effect oo salt concentration of fermenter contents, which may become quite htgh 
in molasses worts. In the U-SA. disodium phosphate and diammonium phos¬ 
phate differ very little in price. 


CHAPTER VI 

BAKERS’ YEAST 

Control of the assimilation and harvesting 
of the yeast crop 

N otwithstanding the concurrent feeding of sugar and nitro¬ 
genous nutrients, aeration, cooling, and pH changes that go 
on during a yeast assimilation, it is surprising how easy it becomes 
to co-ordinate alt the necessary factors in this rather complicated 
procedure in order to obtain a satisfactory process. Variations in 
the quality of raw materials, however, need a great deal of careful 
study, for a different balance of salts and ammonia may be necessary 
when starting to use materials from a new source. Two considera¬ 
tions are of importance here: (a) changes in buffering power of 
the materials (the influence is quite obvious) and (6) changes in 
the growth promoting power of the materials. 

In the latter case, an increase in the growth promoting power 
will mean production of more yeast from a unit amount of sugar. 
This, in turn, calls for increased nitrogen intake which lowers the 
pH by assimilation of more ammonia from ammonium salts and 
thus calls for a higher ratio of ammonium hydroxide to am¬ 
monium salt in the nitrogenous feed mixture. Broadly speaking, 
for a 100 per cent yield, total N* added should be equivalent to 
about 1-8 per cent of the weight of raw materials used, and P 2 U 5 
added should be up to O S percent. Thus, in the assimilation show n. 
in Table 11, 8000 lb. of raw material needed 144 lb. ot tota 
nitrogen and 64 lb. of phosphoric anhydride (P 3 O s ), Laboratory 
control of all these values is a necessity because of variations in 

raw materials. ... 

Regular laboratory tests on yeast growth at all stages should t 

carried out for full efficiency of operations. These should include. 

(i) Formol value. As described in Chapter V. 

(2) pH value . This should be determined at least once every 
hour and the pH of the assimilation should be maintained wit un 
the broad limits laid down for the process. A glass electro e p 
meter is most convenient for this purpose. A pH recor m & 0 
on the assimilating vessel for continuous control is desirable. 
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(3} Density of assimilating wort. This gives an indication of the 
yeast growth and is recorded hourly, The Bailing hydrometer 
scale is convenient, 

(4) Temperature. Recorded hourly. Each fermenter should 
preferably have its own automatic temperature recorder to give 
a continuous record. 

(5) Airflow . Measured regularly. The airflow has to be 
increased hourly.* 

(6) Strength and composition of chemical feed solution. Checked 
regularly. The ammonium hydroxide to ammonium sulphate ratio 
is recorded in addition to total nitrogen. 

(7) Total sugar fed to brew. A composite sample of the molasses 
or other type of feed wort is taken by fitting a sampling device 
upon the wort feed-pipe. Sugar content, calculated as invert 
sugarj is recorded, For malt or degraded starch worts, total 
fermentable sugar can be calculated from wort gravity. 

(S) Seed yeast weight , Calculated from the volume of seed 
yeast cream pumped into the start of the assimilation and the 
weight of yeast per litre of cream, 

(9) Yeast yield ♦ A vital figure. (See Chapter XL) 

(10) Growth modulus. This should be calculated and recorded. 


Length of assimilation period 

A favourite brewing period is 12 hours, which includes an li¬ 
ars’ exponential feeding period with a final hour's “ripening” or 
“maturation” period with no feed and very small aeration. This 
is a conventional period from many points of view'. It may be 
found useful on occasion to use an 8- or 9-hour brewing period 
but such assimilations have to be carefully watched as temperature 
control may be more difficult since higher rate of sugar breakdown 
with consequent heat production increases the temperature 
rapidly in such shorter scale operations; cooling water costs may 
in consequence tend to he rather high.t The total amount of 
cooling necessary' depends upon the total reactivity in the assimila¬ 
ting vessel which, of course, depends upon the total amount of 
sugar fed, 


J ^ |S n "““ ry ifsuveral Center* ™ operated from 

an\™l^ U ' S i A '’ 5" t0 ?' htlUr fermentat “ ns are wmuinn. The importance of 
oi’trTmnh - PP I y f t0 ° u 6 r a *! r efficiently low temperature cannot be 
mphaaised* ft may to the limiting factor for Operation { n some location? 
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“Continuous fermentation” processes 

The idea of continuous fermentation processes* in which “wash” 
containing yeast is withdrawn from the fermentation for sub¬ 
sequent processing and packing* at a rate equal to the addition 
of wort* and the assimilation kept going continuously for several 
days* has some very attractive features economically, and has been 
tried in many yeast plants. Problems of biological infection 
leading to poor keeping properties of the yeast produced, how- 
ever, have usually meant that this system will need a great deal 
of further development before it can be completely satisfactory. 


Aeration 

There are several systems by which air can be supplied to yeast 
assimilations. The simplest and probably the best way is to 
pass air from a compressor through a series of distribution 
pipes placed on the bottom of the fermenter (Fig. 16 and 20). 
The distribution pipes are bored with small boles* usually 1/32 
of an inch diameter upon the underside and are fitted to the 
branch of the main air duct which runs down the centre of the 
assimilation tank. The mechanical means of attachment are such 
as to allow each to be removed for cleaning after every fermenta¬ 
tion. (Such an arrangement is shown in Fig. 21.) The air supply 
to every fermenter should be fitted with an airflow meter for 
routine manipulation, and air to each vessel as controlled by a 
valve from the main air duct The pressure of the air will depend 
on the depth of the fermenting liquid. 

A system of aeration often used m the last few f years consists in 
passing compressed air through a series of ceramic or sintered 
metal aerating “candles 35 which are normally placed at the bottom 
of the tank. For more violent agitation these have sometimes 
been placed upon a revolving central spindle so that they can 
rotate as they aerate. Somewhat confusing claims have been made 
for the “candle” type of aerating system. While less total volume 
of air is used in this way, it has to be fed at a higher pressui e than 
that used for the pipe distributor system. The writer has yet to 
be convinced that the “candle” aerator is any better than the 


* Holes 1/64-in. have been usedjn some U.S.A. mstallattons. 


mav be in the tens of thousands. They should be distributed so that ever} [ 
delivers air, and so that no part of the fermenter is without air at anyi 
the U S A, they are usually placed on the upper half of the pipe, A lev* 
holes should be placed in the lower half of the pipes. 
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re. 20.—Arrangemami of uknlismbutinu pipe* on bottom of fermtfniun;. 

[Courh'iy of S. jf. A „ -SVccA/hi/wJ 
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Collapsible 


dismantled 


Collapsible 


extended 


■Method for rapid detachment of branch air pipes from 
(Courtesy of S. J r A. Aktieboh^ei 
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Straightforward pipe distributor system. It is true that in small 
laboratory experiments much bigger yields can be achieved >> 
employing a sintered ceramic or metal distributor than b> i w 
of metal aerators drilled with holes. The bubbles from the sintered 
material give much greater air surface in a small vessel, l hus, by 
passing air into a small assimilation in a 3000 ml. beaker, yeast 
yields of 40, 48, and 72 per cent, based on sugar were obtained 
respectively by aeration with tubes fitted with 3 J^-im hoWb, 1 
air passed through 100-mesh wire gauze, and through a block 

of ceramic material . 

In a large plant fermenter, however, although the air from 

sintered materials is initially in a fine stale ot division, the fine 
bubbles when passing up the long column of liquid inevitably 
coalesce into large agglomerations and the initial fineness ol dis¬ 
persion is accordingly not maintained for mure than a short dis¬ 
tance up from the aerating elements, 'I he aid ho) fermenter of 
recent German design is fitted with a revolving aerator and is 
constructed so that foam forming on the surface falls through a 
central draught tube and is disintegrated and recirculated by the 

centrifugal action of the aerator. 

The main air is supplied bv large air compressors of which there 
are several types. The air should be scrubbed free from dust and 
as much infection as possible by suitable means, 1 his can be 
done by passing the air hrst through an oily ring filter system to 
take out most of the dust, and then washing the air in scrubbing 
towers by counterflow action with a detergent solution and wetting 
agent, the packing material of the towers being as coarse as 
possible. The cleaned air is then drawn into the compressor, 
cooled to remove surplus moisture (which is drained away), and 
passed into the main circulating pipes which should be con¬ 
structed so that they are easily sterilised by steaming or anti¬ 
septics, The compressed air, if not properly treated, can be a 
major source of biological infection, and the expense of a well- 
designed system can amply be repaid by freedom from such 
trouble. Total airflow is increased exponentially as explained in 
Chapter IIL 


Yeast recovery 

The yeast must now he recovered from the yeast "wash as the 
final suspension of yeast in spent wort may be termed. The 
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recovery process consists of two stages; first, the separation of the 
yeast cells from the majority of the spent fermented wort into a 
concentrated yeast slurry; second, the washing of this slurry 
with sufficient water to free the cells from most of the salts and 
other dissolved substances in the spent wash. Both of these 
processes are usually carried out in centrifugal yeast separators. 
These machines separate the wash into a yeast cream containing 
up to 80 per cent of its weight of yeast and an effluent. In prac¬ 
tice, the fermented wort is fed into the separator at a rate at which 
the machine can separate efficiently without loss of yeast into 
the effluent, and frequent tests should be made to see that no 
such loss occurs, for the volumes dealt w ith are often so great that 
losses can be heavy through careless manipulation at this stage. 
Losses of yeast in the effluent can be checked up by a haemacyto- 
meter test count or by centrifuging. 

The yeast w r ash containing up to 101) grams of yeast (30 per cent 
solids basis) per litre* is first separated into a yeast slurry con¬ 
taining, say, 500 to 800 grams yeast per litre. This slurry is then 
mixed with 5 or 6 volumes of water in an intermediate tank by 
mixing a constant flow' of slurry with a constant and voluminous 
How of water and the mixture is again separated, 'This washing 
separation can be repeated if desired until the yeast is entirely free 
from extracellular materials, 

The type of machine used for this separation is show n in Fig. 22, 
and the companion Fig. 23 shows details of its construction. It is 
a simple matter to separate and w r ash the yeast from a brew o 
many thousands of gallons in a matter of an hour or two by cm 
ploying several such machines which are extremely efficient when 
properly handled. The final yeast cream is then pumped into a 


storage vessel. 

The yeasts from the F.d, F.7, and F,8 seed-yeast stages are 
separated and washed in this manner, taking stringent pre 
cautions against the incidence of infection by thorough attention 
to scrupulous cleaning and sterilising ol equipment It is o 
value if possible to keep separate equipment for the yeast 
separation and washing systems of the seed-yeast stages to 
contamination from the more highly iniected commeicia 


stage brews. 

* This would be very hitfh in U.S.A, practice. Fifty tfrm. per litre would be 
more normal. 
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Via. 22 k— Yeast separator, F 10 * 23.—Cross section of yeas t 

(CtfM.rrf.iy of Alfa Laval Co.) Separator showing constructional 

details, 

(Courtesy of Alfa Laval Co.) 
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Yeast-cream storage 

Separated seed-yeast cream should be pumped into special 
storage tanks used only for cream from this stage. Specially 
designed storage equipment is used, tanks being totally enclosed 
to protect the yeast from airborne and other extraneous infections, 
and fitted with a cooling system to bring the cream temperature 
down to a sufficiently low figure to reduce growth of infecting 
organisms to a minimum. 

There should be plenty of similar storage capacity lor com¬ 
mercial stage yeast creams prior to filtration. 

Yeast-cream filtration 

, Yeast cream is filtered normally in one of two ways, either in a 
conventional recessed-plate type of yeast filter-press, or in a 
rotating vacuum filter drum. When a filter press (big. 24) is used, 
a pump injects yeast cream at considerable pressure into the 
various filtering compartments of the press. Pressures up to 
100 to 150 lb. per sq. in. are necessary in filter pressing, to pro¬ 
duce dry cakes of compressed yeast. After opening up the press 
the cake is scraped into containers (usually small wheeled trucks, 
preferably of stainless steel, are most convenient) and then sent 
to the mixing and packing equipment. A study by the 
author on the filter pressing of yeast with particular reference 
to the effect of pressure on the yeast cells, will be found in 
Chapter XIV. 

The vacuum filter of Oliver, or similar type, consists of a large 
revolving drum carrying a circular band ol filter cloth, evacuated 
by means of a vacuum pump, and rotating in a vat of yeast cream. 
A thin layer of solid yeast forms on the doth, and this is scraped 
off into a container, the effluent entering the drum whence it is 
discharged. Yeast processed in this manner is usually more moist 
than filter-pressed yeast and can be packed immediately without 
further mixing. Fig. 25 illustrates such a machine. 

Although these machines have many interesting points, their 
capacity may limit their application in a large yeast factory. 
Bacteriological cleanliness, too, must be constantly examined, as 
the construction and manner of use of these machines can make 
them centres of heavy infection. The yeast produced by this means 

too moist for normal English practices. 
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Yeast mixing and packing 

Pressed yeast cake is often so dry that up to 15 per cent by 
weight of water must be added to produce yeast which has the 
consistency which the consumer desires. The water is added by 
spraying in specially constructed mixing machines until the correct 
consistency is attained. Yeast "improvers' 1 and "plasticisers” are 
added at this stage** The whole question of the factors governing 
yeast consistency has been dealt with in Chapter XII, and the 
viscometric method described is a routine method for the control 
of consistency which is a most important factor in the production 
of a yeast of constant composition and properties* 

The well-mixed yeast is then run into a yeast packing machine. 
English practice is normally to pack a quantity of yeast (usually 
7J lb., which, after allowing for evaporation, gives the baker full 
value for a nominal 7 lb*) into a jute bag, the yeast being delivered 
automatically into the bag by a ram working into a cylinder. 
The bag is then stitched with string and packed into cardboard 
containers pierced by holes to allow for evaporation. Much 
yeast is packed as small (usually nominally 1 lb*) blocks, wrapped 
in heavily waxed paper, f The yeast is extruded through a forming 
nozzle into the correct shape, and the block so formed is auto¬ 
matically cut into cakes of the correct size with a taut piano 
wire* Some yeast is occasionally packed into sterile fins with 
closely-fitting lids* Fig. 26 illustrates a block forming and cutting 
machine while Fig* 27 shows the very simple layout achieved b\ 
the combination of dehydrators and block machines in a modern 
Swedish plant. 


Yeast transit and storage 

The yeast is moved as rapidly as possible to the various dis¬ 
tribution centres (normally in the largest areas of population)* 
Because of the perishable nature ol the product, the packages must 
never be exposed to high temperature or to wet conditions, and if 
sent for long distances, the yeast should be shipped in refrigerator 
cars at temperatures slightly above freezing-point, say 2-6 C*, or 


* These indude lecithins and esters of fatty acids to improve yeast appearance. 
In U-S-A, practice, vegetable oils and emulsifiers are sometimes added, it is 
longer a common practice to add starch to yeast. . 

t This is rapidly becoming the more popular method of packing* in 
U.S,A, the 1-lb. cake is standard. Half- and quarter-pound are also made -i 
well as 1- to 2-oa, packages for home use. 
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Machine for forming, cuutng and wrapping blocks of yuj^r. 

(Courtesy of S. J. A. Akiiebotaget, Stockholm.) 








Fig. 27.—Dehydrators and packing machines. 

{Courtesy 0/ S. J. A , dft/fetafcigi*. 












36—+0' F. Cool, dry storage conditions at the various distributing 
centres are desirable, and the baker should be supplied with 
the yeast as quickly as possible after manufacture. Solid baking 
yeast should keep for some weeks in good storage conditions, 
and will keep up to 2 weeks at room temperature in temperate 
climates, say at 20 C. Storage at higher temperatures rapidly 
causes deteriorative changes, notably autolysis of the yeast cells 
and liquefaction and putrefaction by bacterial agencies. 

Materials used in the construction of yeast factory plant 

Mild Steel fermenting vessels have often been employed in 
past years in yeast factories, but naturally they corrode very 
rapidly and a continuous layer of paint or other surface protec¬ 
tion is necessary- to prolong their life and to make their use 
reasonably practicable. The ideal material for use in these fac¬ 
tories is the highest grade of stainless steel. The use of stainless 
steels in such processes is rapidly becoming a standard practice. 

I here are, however, very many qualities of stainless steels avail¬ 
able and it is necessary for the yeast technologist to have some 
knowledge ol the properties of these grades. P. Adam(l) has 
discussed the use of stainless steels tor brewery purposes. He 
has stated that at least 12 per cent of chromium is necessary to 
prevent surface corrosion and that at least H per cent of nickel 
should be present if the steel is to possess satisfactory 7 austenitic 
st r u etu re. Th e add itio n of 2 to 5 pc r cc n t of m olybdcn u m i n c reases 
the resistance of steels to attack by acids, particularly the resistance 
to pitting or local corrosion. The carbon content should he below 
IM)2 per cent to prevent intcrcrystallinc corrosion due to precipi¬ 
tation of chromium carbide in the steel, but such corrosion may 
he prevented by adding stabilisers (e.g. the use of titanium in at 
least live times the amount of carbon present or niobium in at 
least ten times the amount of carbon present). The stainless steels 
giving the greatest resistance to corrosion by acids and salts are 
those which contain between 17-5 and 20 per cent of chromium, 
^ an d 12 5 per cent nickel and 2-7 and 4 per cent of molybdenum, 
although the use of molybdenum makes machining and fabrics- 
don rather troublesome. Such well-known grades as K.M.lh, 

II ll.4K. t S.I-.35., ST.45., 317 and 832 5.K. belong to 

this grouping of steels, tirades containing the same amount of 
tmckel and chromium as the above but containing rather less 
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molybdenum (14 to 2*5 per cent) are also very durable although 
not quite so acid- and salt-resistant and are quite satisfactory for 
many purposes. This group contains such steels as F.M.L 
B B 2K, S.F.25, 832 S, 832 S.V., 316, P.M.L. and E.W.2. All 
the grades so far mentioned should give satisfactory service when 
made up into fermenting vessels, cream storage tanks, pipe-lines, 
etc. The groups of stainless steels which do not contain molyb- 
demim are not so resistant towards the action of acid-containing 
liquids but may still give excellent service when used in con ac 
with liquids having more neutral reactions. Excellent grades 
containing stabilisers (titanium, etc.) include F.DJ., ’Weldanka, 
g F 22 832 T. (Avesta), 321 and P.E.T. Grades which do 
contain stabilisers fall into two groups, firstly the group con¬ 
tainin'' F.S.L., S.F.620, 832 M.V. (Avesta), 304, and P.E.L.. 
and secondly, steels such as F.S.T., Anka, S.F.20, 832 (Avesta), 
302 and P.E.H. It may be stated that all the last three group 
contain between 16 and 19 per cent of chromium Bnd dand U pc 
cent of nickel. It is emphasised that, in addit.on to ^ chemical 

composition, the physical condition of theJ **f* p C “mnce 
excellence of the technique of manufacture) is of great importance 

in the performance and useful life of the metals. 

To reduce costs stainless-clad steels have now been made 
available having an outer structure of mild steel and a thm mne 
shell of stainless steel. The expense of polishing stainless steely 
is very high but it is welt worth while polishing the sur a 
3i„ L*x with <hc solution. Such . surface 
be sterilised by washing with the modern quaternary 
disinfectants. Considerable car. should Arm be ^ *£ 
cleaning stainless steels and hydrochloric acid and M HFP. £ 
chlorite solutions should never be used. Weak hyp 
solutions (e.g. 5 to 10 p.p.m. available chlorine) are satisfactory 

for use with the best grades of steel only. , 

Aluminum has often been used in the fabrication ot ‘^emer 
yeast-cream storage vessels, etc. Due to the extreme sof me-o 
this metal and the ease with which it » patched andjleforme^ 
it is not a complete success when used fo 
stages. Aluminium offers good resistance towardsj j 

sensibly used. Vessels made from aluminium shoM b 
immediately after use and kept dry when not m use m 

utmost importance to guard against electro-ehemi 


bakers' yeast: control and harvesting 

and this means that there should be no contact whatsoever with 
other metals. Mercury-containing thermometers must on no 
account be used, for mercurv corrodes into aluminium and per¬ 
forates it w ith great rapidity. When cleaning, strong alkalis must 
be avoided but a satisfactory cleaning solution consists ol a 
IS per cent washing soda solution containing 2 per cent ol water 
glass (sodium silicate). 

Copper has sometimes been used in the manufacture of fermen¬ 
tation and storage equipment but copper fermenting vessels have 
to be kept well painted to prevent copper poisoning of yeasts, 
especially in the incrementally-fed fermentations. (See Chapter 
XXI,) The addition of copper (and iron) to yeast is very undesirable 
as even small amounts (e.g. 5 p.p*m, upwards) adversely effect 
yeast colour. (See Chapter XV.) 

Glass-lined tanks are occasionally used as storage vessels and 
these give very satisfactory sendee whilst the glass lining is 
perfectly intact. Defects and cracks in the lining may, however, 
lead to serious infection troubles due to the growth of foreign 
organisms between the lining and the outer shell 
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CHAPTER VII 

the nutrilites 


tn 1901, E. Wildiers(l) drew attention to the fact that, in 
1 addition to a source of fermentable sugar and adequate supplies 
of inorganic substances, yeasts require traces of organic materials 
(“bios") to enable growth to take place. The significance of this 
profound observation was left unrecognised for more than two 
decades, and interest in the subject of organic growth-promoting 
factors for micro-organisms was probably revived as a consequence 
of the rapid advances which took place in vitamin researc 

immediately following the First World War. 

It is not intended in this chapter to trace the historical dc\e f 
ment of the work on “bios”. This has already been adequately 
discussed by R. j. Williams (2), and by L. Atkin (3 . I he la te 
is a particularly useful review of the relevant hterature and 
only a brief survey of the chemistry of the "bios” factors will be 

'"TWollowmg factors are recognised as having growth- promot¬ 
ing activity to yeasts. Some yeasts require all these factors but 
mfny yeasts grow satisfactorily on media containing only two or 

three of the nutrilites. 

Biotin and substances possessing biotin activity. 

Inositol and compounds with similar activity. 

Pantothenic acid and compounds with similar activity. 

Aneurin (thiamin) and compounds with similar activity 
Pyridoxin (adermin) and compounds with similar activi. - 
Nicotinic acid and compounds with similar activity, 
p-Amino-benzoic acid and compounds with similar ac , ■ 

Biotin (“Bios 2B”) • 

The biotin group consists of at least three ™turally-occu g 
factors-biotin, desthiobiotin, and biocytm. I he D-isomer. 
naturally-occurring and biologically active. hich W as 

Uncertainty still exists upon the structure of biocytm, 

isolated by L. D. Wright et al. (4). f u i|y 

The chemistry of biotin and related compounds has bee 
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reviewed bv £. Chu{5)> and the bibliography at the end of that 
paper is very comprehensive* 

According to F, Kogl biotin exists in at least two active 
isomeric forms in nature and he has named these ti- and ^-biotin. 
The a-isomer occurs in egg yolk, the jTisomer being found in 
liver. V. du Vigneaud and colleagues (by degradation studies) 
and S, A, Hards et al, (by synthesis) have shown that the structure 
of u-biotin is d-2'-oxo-3, 4-imidazolido-thiophane-(2)-H-valeric 
acid: 

O 

C 

/\ 

HN NH 

I I 

1IC—CH 

I I 

H,C CH(CH S ) 4 *COOH 

■ \/ 
s 

n-BfatitL 

According to Kbgl the structure of ^-biotin (by degradation 
studies) is as shown. This lias not been confirmed by synthesis* 


H H s 

N—C—C 


O^C 


/ 


\ 


\ 

c 

K. 

/ 


N—C—C—CH—CH(CHj), 

H H H 1 

COOH 


Biotin. 


DL-biotin possesses 50 per cent of the activity of D-biotin, 
since L-biotin. is inactive microbiologically* The methyl ester of 
D-biotin is as active microbiologically as D-biotin. 

u-Desthiobiotin is as active as D-biotin to yeasts, but is inactive 
to, or even inhibits, the growth of Lactobacilli (e<g. L. casei). 
L-Desthiobiotin is microbiologically inactive. It has been estab¬ 
lished by V. du Vigneaud and J. L. Wood(6) that the structure 
of E-desthiobiotin corresponds to e-(4-methyl-5-imidazoIidone- 
2)-caproic acid (by synthesis). 
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0 

II 

c 

/\ 

HN NH 

CH 3 .CH—CH(CHj) s .COOH 

d -Desthiobiotin. 

V. du Yigneaud and co-workers have pointed out that the yeast 
growth activity of D-desthiobiotin is due to a transformation o 
this compound into D-biotin by yeast cells. 

DL-Oxybiotin, the oxygen analogue of DL-biotin has been 
svnthesised by Hofmann and co-workers. This compound 
possesses 25 per cent of the activity of D-biotin to S. cerevmae 
and 40 per cent of the activity of D-biotin to Lactobacillus casei. 


0 


C 

/\ 

HN NH 

I I 

HC-CH 

H.C CH(CH,) 4 .COOH 

" \/ 

0 

dl -Oxybwtw. 

Certain other synthetic biotin and desthiobiotin derivatives have 

antibiotin activity to either 5. cermsiae or Lactobacilli (or some¬ 
times to both). . ..‘.-.I bv 

The activity of biotin and desthiobiotin is antagonise y 

avidin, a protein isolated from egg white the antagon^c^ 
probably being due to the formation oi a biotin-prote 
P Biotin (and probably other nutrilites) exists ,n combrn dform 
(possibly with proteins and other substances) in yeast and P 

and animal materials. Treatments by enzymes, acid or 

hydrolysis, etc., are often necessary to extract the at 
fr °BiotS ^involved as co-enzyme in the carboxylation of pyrui .c 
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acid to oxalacetic acid (see page 127) and may also be connected 
with enzvme svstems concerned with deamination of certain 

m i* 

amino acids. 


Inositol {“Bios 1 J> ) 

A/^o-inositol (see page 104) or inosite (hexahydroxy cyc/ohexane) 
occurs in the form of its phosphate ester in phytic acid, It is 
required in fairly large amounts by most yeasts. It is not yet known 
in what form it is combined in yeast. 


QH 

C 



liOCH HCOH 


HOCH 


H 




Inositol. 


Pantothenic acid (“Bios 2A”) 

This is one of the most potent of the nutrilite factors and, as 
its name suggests, is widespread in nature. Pantothenic acid 
(ay-dihydTOxy-0-/3'-di methyl-butyryl-/J-alanine) has the formula 
shown below. 


CH a OH O 

I ! 11 

HOC 11 ,-C—C-C—N H—CH CH CGOH 

i i 

CH, H 

Pantothenic add. 

Many yeasts are able to use the simpler substance ala nine as a 
precursor of pantothenic add. 


NH a —CH; j“CH 2 —COOH 

Alanine. 
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L. av&binosus uses pantothenic acid but not ^-alanine and has 
been used by R, H. Hopkins, 3. Wiener and G Rainbow in the 
assay of pantothenic acid in brewing materials(7). 

Pantothenic acid is a component of “Co-enzyme A”, which is 
involved in cel! reactions concerned with acetylation. The com¬ 
position of “Co-enzyme A” has not been determined, but it is 
known to contain about l/10th of its weight as pantothenic acid, 
adenylic acid and phosphate also occur in the molecule. 


Aneurin (Thiamin, vitamin B t ) 

The structure of this vitamin is shown below, 

N— C— NIT CH 3 

| 1 /C—C —CHj—CH t OH 

H,C-C C—CH.—N X I 

" 1 
Cl CH—S 

N=CH 

Angurin. 

This factor is needed only by certain yeasts. The two cleavage 
products of aneurin, that is, pyrimidine (2-methyl, 5-ethoxymethyl, 
6-amino pyrimidine) and thiazole (4-methyl, 5-^hydroxyethyl 
thiazole) have been shown by Schultz et ah to have some bios 
activity to certain yeasts requiring vitamin ^ as a growth factor. 
Yeast has been shown by A. S. Schultz, L. Atkin, an 
Frey (8) to synthesise vitamin B, from the two fragments, 
thiazole and pyrimidine, and this fact has been much used indus¬ 
trially to produce vitamin B t —enriched yeasts, 1 he three name 
authors have also shown that this vitamin stimulates the rates or 

fermentation of certain bakers' yeasts(9). 

Aneurin pyrophosphate (co-carboxylase) is the co-enzyme 
required for several decarboxylations, amongst which is the con¬ 
version of pyruvic acid to acetaldehyde and carbon dioxide. 

CH s *CO.COOH-*CH 3 ,CHO+CO r 

Pyridoxin (Adermin, vitamin B c ) 

Pyridoxin and its analogue pyridoxal are widespread in nature 
and pyridoxamine, which has been synthesised, possesses similar 
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biological activity. The formulae of these compounds arc shown 
below. 


CH-OH 

I 

C 

/ \ 

110.C C—CH.,011 

II 1 

HjC—C Cl I 

\ / 

K 

Pyridoxin* 


CH : 0 

I 

c 

/ \ 

1I0.C C—CHjOH 

li 

1LC-C Cil 

\ / 

N 

Pyridoxal. 


CH,.N1I, 

I 

C 

/ \ 

HOC C—CI1,0H 

I! I 

II.C-C Cil 

\ / 

N 

Pyridoxamine. 


This group of factors is not required by all yeasts. It has been 
shown by I. C. Gunsalus et <t/.(10) that pyridoxal phosphate is the 
co-enzvme of the enzyme system which activates the decarhoxyia- 
tion of amino acids to amines (e." k histidine is decarboxyl ate d 
to histamine). Other amino acids, including arginine, ornithine* 
lysine, glutamic acid, and tyrosine are also decarboxylated* 
Pyridoxal phosphate also functions as a co-enzyme in certain 
transamination reactions, for example: 

(1) Glutamic acid -f oxalacetic acid — aspartic acid f rjf-keto- 
glutaiic acid, 

(2) Glutamic acid + pyruvic acid = aspartic acid alanine. 

R. IL Hopkins and R. ]„ Penmngton(U) t have reviewed the 
place of vitamin in brewing and have used a strain of S, carls - 
bergensis 4228 for the assay of the vitamin (12). 


Nicotinic acid (\ iacin) 

I his is the pellagra preventing vitamin and occurs more usually 
as the amide than as the free acid, 
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CGOH 


CONH, 


Nicotinic add. 


Nicotinamide, 


This factor is required by certain yeasts including many of the 
lactose fermenters(13), Methods for the assay of this factor b} 
the use of Lactobacillus arabimsus have been reviewed by F. W, 
Norris (14)* 

Nicotinic acid occurs in Co-enzyme I (co-zymase) which con¬ 
sists of nicotinamide, adenine„ two ribose molecules, and two 
molecules of phosphoric acid, and in Co-enzvme II (the corres¬ 
ponding triphosphorylated compound). These compounds are 
concerned with oxidative (dehydrogenating) mechanisms and are 
thus vital substances concerned with cell respirations. 


-CO,NH 3 


N N 


H-C 

„4 


—OH 


H—C—OH 


H—C-■ 

H-C-OH 
H—C—OH 
0 H—C- 


CH 2 —0-P—0—P—O—CH a 

1 I 

0. o 

H 

Co-enzyme 1 (Co-zymase). 
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The ability' of these two co-enzymes to lose or gain two atoms 
of hydrogen is centred on the nicotinamide groups which cart take 
up or give away these two hydrogens, 

/j-Aminobenzoic acid 

This substance is required as a growth factor for certain yeasts 
and has the formula shown, 

COOH 



p-A mi nohen z oic acid , 

N. S, Cutts and C. Rainbow(l5) have discussed the behaviour 
of certain yeasts which have been shown to be exacting towards 
p-Ami no benzoic add (PAD A}. One yeast (S. cerevisiae ll 47”) 
required a concentration of 0 0C7 micrograms per ml. of medium 
for half-maximum growth. The PAR A was shown to be replace¬ 
able by adenine in the medium if other amino acids in the form 
of casein hydrolysate were also present. Further work showed that 
methionine was necessary for adenine to function in place of 
PABA and that histidine had a supplementary' effect, When 
PARA, methionine, and histidine were present in the medium 
further supplementary growth effects were obtained with leucine, 
norleucine, isoleucine, valine, norvaline, tyrosine, and phenyl¬ 
alanine, The amino add doses required to he equivalent to the very 
small quantities of PABA were of the order of 10 microgrm 
per ml. It was concluded that the yeast used would not be suitable 
for the assay of PARA when adenine and some amino acids are 
present in the medium. 

It is possible that there arc other growth factors, so far un¬ 
identified, which are required by certain yeasts for their complete 
nutrition. It would not be inappropriate, at this point, to discuss 
briefly two other important vitamins which occur in yeast and 
which have an important function in cell reactions, 
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Riboflavin (Vitamin B a ) 

The formula of this compound is as shown. 


CH,OH 


(CHQH)a 

ch 2 

H 

CNN 

/\/\/\ 

HjC.C C C C=0 


HjC.C C C N-H 

\ / \ / V / 

C N' C 

J 1 

H 0 

Riboflavin {6:j-dimethyl- g-v-ribityliso-alloxozine). 


This was first shown to be a constituent of Warburg’s “ytWow 
enzyme'* which is a dehydrogenation catalyst. This enzyme was 
later shown to consist of a protein portion and a yellow co-enzyme 
in which riboflavin is linked with ribose, adenine, and pyro¬ 
phosphate [alloxasdne adenine dinucleotide). 

Riboflavin is a constituent of co-enzymes for several vital 
respiratory enzymes involved chiefly in dehydrogenation reactions. 
These yellow enzymes are concerned in the dehydrogenation of 
cell constituents, water being formed by the combination of the 
hydrogen with oxygen in the cell The energy thus formed is 
important to the metabolism of the organism. It is also believed 
that purines and aldehydes are dehydrogenated and amino acids 
may be deaminated by oxidation. Cytochrome reacts with reduce 
yellow enzyme to yield reduced cytochrome and free yc ow 
enzyme. Similarly,' reduced Co-enzyme I reacts with yellow 
enzyme to give free Co-enzyme II together with a reduced form of 
the yellow enzyme. 


Folic acid (Pteroyl glutamic acid) 

This is one of the more recently isolated enzyme factors and its 
exact significance in the living cell is not understood hut it is 
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believed that it may be part of a co-enzyme complex concerned in 
the build up of pyrimidine and purines. 



Folic acid {pteroyl glutamic acid). 
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CHAPTER VIII 


THE IMPORTANCE OF NUTRILITES IN THE 
PRODUCTION OF PRESSED YEAST 

W hilst the three original "bios” factors (inositol, pantothenic 
acid and biotin) have been shown to be of main importance* 
the list of nutriiites for certain strains of yeast and other organisms 
now includes aneurin, riboflavin, nicotinic acid (or its amide), 
pyridoxin, j>-ainmobenzoic acid and folic acid. However, little 
has so far appeared on the importance of these substances m the 
production of baking yeasts although, in Great Britain alone, 
several hundred tons of compressed bakers’ yeast are produced 
weekly. Nevertheless, the yields of yeast from the raw materials 
used (and hence the whole economics of the industry) are directly 
related to nutrilite requirements and to the quantities of these 
factors which are present in the raw materials. Growth of the 
organism can only be completely efficient if the balance of all 
nutritional factors is exactly correct; otherwise, there will be waste 
of sugar or other nutrients, and consequent economic loss. 

It is thus a matter of great practical importance to the industry 
that the requirements of baking yeasts should be assessed, that the 
raw materials should be assayed for nutriiites, and that an attempt 
should be made to reproduce in the yeast factory the conditions 
favouring maximum yield. Nutrilite requirements (in a quantita¬ 
tive sense) are not easily ascertainable; in fact it is only possible to 
specify them when the purpose and conditions ol the yeast growth 
have first been accurately defined. 

If there were no nutriiites present in the raw materials, there 
would be no yeast growth once the supply of these factors present 
in the initial seed yeast had become exhausted. Fortunately* manv 
of the waste products of both beet and cane sugar refineries the 
molasses which the yeast manufacturer uses—are good sources of 
nutriiites and* if correctly used, can support the growth of satis¬ 
factory yeast crops. Even so, variations in yield-producing power 
of molasses can be very considerable, and means have been 
devised for relating such observed variations to deficiencies in one 
or other of the necessary nutrilite factors. 
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Yields of yeast from sugar and from molasses 

When working in synthetic media containing fermentable 
sugars, the yeast yield is usually expressed as a percentage of the 
weight of sugar consumed, the yeast itself being measured either 
as dry weight, or as yeast containing a standard amount of dry 
matter. Yeast yields are given in terms of yeast at 27 per cent dry 
matter* Using molasses, the yield may he expressed in two ways: 

(e) As a percentage on the weight of molasses used; this method 
is of practical and economic importance* 

(i) As a percentage on the weight of the fermentable sugar in 
the molasses; this method of calculation is of rather more 
theoretical interest. 

In a wide experience a yeast yield to exceed 210 pans of yeast at 
27 per cent dry matter per ICO parts of hexose consumed has not 
been found. However, most samples of molasses contain a con¬ 
siderable quantity of organic substances which arc not sugars, but 
which can be assimilated by yeast ;* The assimilation of these 
organic, non-sugar substances increases yield to a significant 
extent so that, expressed on the fermentable sugar content of the 
molasses, yields of up to 230 per cent can be obtained. 

The types of molasses which have been used for yeast 
production are beet, high-test cane, refinery (refiners') cane and 
blackstrap. The last two types present certain difficulties in 
manufacturing practice which somewhat complicate their use. 
The difficulties include, for example, the very high sludge con¬ 
tent and dark colour of the molasses, both of which arc very 
objectionable factors in practice. 

Experience has demonstrated that beet, blackstrap (raw cane), 
and refiners 1 cane molasses are all quite satisfactory materials as 
judged by the yields of yeast which can be obtained from them. 
1 hus, blackstrap molasses may give up to 115 per cent of its 
weight of yeast, refiners' cane up to 100 per cent and beet molasses 
from 70 to 100 per cent. The fermentable sugar content of these 
three types of molasses is normally 50-55 per cent. Although 
high-test cane molasses yields about 100 per cent of its weight of 
yeast, it would give only up to 65 per cent yeast yield on sugar 
content basis comparable with the other three molasses types, as 
the fermentable sugar of this molasses is 75-80 per cent. 

* S*t Chapter X. 
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Loss of su gar-car bon by evolution of carbon dioxide during 

yeast growth 

During ordinary fermentation* Ignoring yeast growth* sugar 
breakdown is represented in the Gay-Lussac equation as C c H 12 G e 
—2C0 2 +2C 2 H^0 Hj whence it may be seen that one-third 
of the total sugar carbon is converted into carbon dioxide* the 
remainder being converted to ethyl alcohol. Even* however* with 
high yeast yields on sugar (up to ISO per cent), 95 per cent of the 
carbon dioxide which would be evolved from normal fermentative 
breakdown of the sugar used has been recovered. This sug¬ 
gests that* whatever the yeast yield* the total weight of carbon 
dioxide produced from a given weight of sugar may be constant, 
and that the balance of the sugar carbon (that which would normally 
be converted into ethyl alcohol) is used to produce yeast substance 
to an increasing degree as assimilative conditions (e.g. aeration) 
are improved. In these circumstances it can be calculated from 
the equation that 100 parts of hexose would yield 210 parts of yeast 
at 27 per cent dry matter, having a carbon content of 47 per cent 
on dry matter. As stated previously, this figure is indeed the 
maximum which has been found in practice. One-third of the 
sugar carbon seems inevitably to be lost as carbon dioxide* even 
under the best conditions. Under less favourable conditions, 
further carbon loss (of the moiety which could form yeast sub¬ 
stance) is experienced* probably as volatilised ethyl alcohol in the 
exhaust-air stream. The subject of ‘Volatile carbon" loss is 
examined in detail below. 


Experimental 

Nutrilites in practice 

Laboratory experiments were carried out in a small laboratory 
assimilation plant in which it was possible to reproduce conditions 
utilised in works practice. Results are in Table 12. 

The sugar-containing materials were fed incrementally over an 
11-hour period* a mixture of ammonium sulphate and ammonium 
hydroxide solutions concurrently supplying the nitrogen needs of 
the growing yeast and maintaining the pH within the range 
3-8-4-5. The initial medium was also supplied with mineral 
nutrients—potassium!, calcium, and magnesium salts, and phos¬ 
phates—in solution. The seed yeast used was a commercial sample 
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Table 12 

Selection of Rest tits obtained in Assimilation Plant to illustrate the Effect of 

Nutrilitts on Yeast Growth 

Initial volume of wort, ?0 litres; total sugar, 500 gnn.; feeding period, M hr.; 
temperature, 30 C. (86 FA; nitrogen, 3-8 per cent on sugar; phosphate (as P ? O s h 
3 5 per cent on sugar; seeding yeast, 250 gnu, 

Seed yeast (27 per cent dry matter) contained O j 25, 60, and 4000 p.p.m. of, 
respectively, biotin (as D-biotin), pantothenate (as calcium n -pantothenate), 

and inoaitoh 

Aeration at rate of 15 cu. ft. per mi n. 




Yen it yiclJ, per cent 

No, 

Details of assimilation conditions 

(fl) On 

fermentable 
sugar 
{as invert) 

(f) On basts of 
molasses 
containing 

50 per cent ef 
Sugar {as invert) 

1 

Sugar source. Dextrose AR- 

7S 

39 

2 

Sugar source, Dextrose A.K. Ash 
from 1000 gnn. beet molasses 
added 

02 

40 

3 

As (2) but using yeast from (2) as 
seed yeast 

3(1 

15 

4 

As (2) but using yeast from (3) as 
seed yeast 

8 

4 

5 

Sugar source, beet molasses (many 
experiments) 

140-200 

70-100 

6 

Sugar source, refinery (refiners*) 
cane molasses 

Up to 200 

Up to 100 

7 

Sugar source, high-test cane 
molasses 

Approx. 130 

Approx. DS (actual 
yield tin molasses 
used = approx. 
100% with mo¬ 
lasses containing 

75 % of sugar) 

g 

Sugar source, blackstrap molasses 

Up to 230 

U p to 315 

y 

Sugar source, beet molasses. Addi¬ 
tion of sugar-free extracts from 
egg yolk* yeast, grass, malt wort, 
fish livers, etc. 

L'p to 230 

L'p to 315 

10 

Sugar source, beet molasses. Addi¬ 
tion of various combinations of 
pantothenic acid, inositol, aneu- 
nn, riboflavin, p-aminobcnsfok 
acid* folic acid, pyridoxin, Eind 
nicotinic acid 

Xo increase in yields above those 
obtainable with unfortified 
molasses 

n 

Sugar sou rce, beet molasses. Addi - 
lion of 250 /tgrm. of D-biotin 

Up to 230 

Up to I]5 

12 

Sugar source, refiners* cane mo¬ 
lasses, Addition of 250 jigrm. of 
D-biotin 

Up to 200 

Up to 3 00 

13 

Sugar source, refiners' cane mo¬ 
lasses. Addition of (J-l gnu, of 
calc iuni [>- pantothenat c 

Up e o 230 

Up to 115 
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Table 12—continued 




Yeast yield t per cent 

.Vo. 

Details of assimilation conditions 

(a) On 
fermentable 
sugar 
(as invert) 

(6) On basis of 
molasses 
containing 

50 per cent of 
sugar (as invert) 

14 

Sugar source, Dextrose A.R. Ash 
added from 1000 grm. beet mol¬ 
asses. Addition of 400 ^gmn. of 
D-biotin 

184 

92 

15 

Sugar source. Dextrose A.R. Other 
details as (14) above, but with 
the addition of 1 00 milligrm. of 
oak tum D-pantothcnate and 4 
grm. of mesG-inositol 

210 

105 

10 

Sugar source, mixture of 50% beet 
4-50% refiners' cane molasses 

Up to 230 

Up to 115 


of normal analysis, with an average nutrilite content as stated in 
the table. Aeration was supplied at a vigorous but steady rate. 
There were no known ‘limiting factors”, apart from nutrilite 
deficiencies (except in No. 1). 

It can be seen that with glucose (Dextrose A.R.) as the source of 
sugar, a yield is obtained of only 78 per cent upon the sugar 
supplied, equivalent to a 39 per cent yield on the basis of molasses 
containing 50 per cent of fermentable sugar. This yield was in¬ 
creased to 92 per cent on sugar (46 per cent on a molasses basis at 
50 per cent sugar) by the addition of the ash from 1000 grm, of 
beet molasses* showing the enhancing effect of trace elements on the 
yield. This yield was obtained using normal seed, rich in nutrilite 
factors. (See Table 12,) When, however, the yeast obtained from the 
glucose assimilation was used as seed for a further similar growth 
stage, the yield of new yeast produced fell to 30 per cent on sugar, 
and when this yeast was used as seed for a further experiment, the 
yield felt to only 8 per cent. This demonstrates the gradual 
exhaustion of the seed yeast in respect of nutrilite factors (Experi¬ 
ments No. 1,2, 3, and 4), 

Experiments carried out with different types of molasses (5, o f 
1, and 8) demonstrate that all types contain growth- factors in 
varying quantities, and thus, under comparable conditions, all 
yield considerably higher yeast crops than does glucose. There are 
still deficiencies, however, in refinery, high-test cane and beet 


90 







NUTRlLlTfeS IN PRESSED YEAST 


molasses, for all these types fail to give the maximum yield of 
about 115 per cent on the molasses weight. High-test cane is 
quite the poorest type in this respect. 

The deficiencies in beet molasses could be made good by addi¬ 
tions of sugar-free extracts from egg yolk, yeast, grass, and green 
vegetables, malt wort, fish livers, and other materials (No. 9). 
Similarly, it was found that by judiciously blending beet and 
refiners’ cane molasses, yeast yields greater than those obtainable 
with either of the constituent molasses could be obtained. Thus, 
a mixture of 50 per cent each of these types would give yields up 
to 115 per cent on the molasses weight (No, 16). 

The deficiencies in beet molasses were not of pantothenic acid, 
inositol, aneurin, riboflavin, ^-aminobenzoic acid, folic acid, 
pyridoxin, or nicotinic acid; for these substances, added in 
quantities which could be expected to be found in rich raw 
materials, made no difference to the yield (No. 10). 1 lowever, the 
addition of biotin alone to beet molasses increased the yeast yield 
to the maximum, and it was thus conclusively demonstrated that 
biotin was the deficient factor (No, 11). It was subsequently found, 
in synthetic media, that only biotin, pantothenic acid, and inositol 
had nutrilite activity towards the yeast strain used, the other factors 
of the vitamin group B being quite inactive. 

Addition of biotin and ash from beet molasses to glucose 
medium gave a yield of 184 per cent on sugar or 92 per cent on 
molasses basis (50 per cent sugar) (No. 14). Addition of biotin 
without pantothenate or inositol had, therefore, given a very good 
yield, which was further increased to a maximum of 210 per cent 
on sugar by suitable additions of pantothenate and inositol (No. 
15). Addition of biotin did not increase the yeast yields given by 
refiners’ cane molasses, and it could be concluded that refiners' 
cane molasses is not deficient in biotin (No. J2). Addition of 
pantothenate to refiners’ cane molasses, however, gave increases in 
yeast yield up to the maximum, demonstrating a deficiency of 
pantothenate (No. 13). These experiments demonstrate the 
importance of a knowledge of the requirements of yeasts for the 
three growth factors, biotin, pantothenic acid, and inositol. 

Veast requirements for nutrilites 

The practical value of any brewing material as a source of nutri- 
lites can only be assessed when the nutrilite requirements of the 
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yeast are known. Such requirements can only be determined by 
direct experiment with the yeast under the “optimum conditions” 
of growth previously discussed. Increases in the addition of a 
particular nutrilite to a standard experimental assimilation in 
which all the other nutritional requirements were satisfactory were 
found to increase yeast yield up to a point beyond which further 
additions had no effect. 

Biotin 

Table 13 shows the influence of the biotin content of the 
medium on the yeast yield. The total biotin present was calculated 
as parts per million on the total quantity of yeast present at the end 
of the assimilation. It is seen that, although a biotin content of 
0-25 p.p.m. (calculated in this way) was necessary' to give an 


Table 13 


Influence of Biotin on Yeast Yields 
(All other known nutritional requirements satisfied) 


Total biotin activity (as d- biotin ) 

Per cent 

present in medium (calcideated as 

yield of 

p.p.m. on gross yeast present at 

yeast on 

end of assimilation) 

molasses 

0135 

91-5 

O’MS 

10+0 

0150 

107 0 

0160 

100 0 

0170 

110 5 

(MSS 

111-5 

0 20 

J12 5 

0 225 

11+0 

0 25 

115-0 

0 30 

115-0 


optimum yield of 115 per cent on molasses weight under the con¬ 
ditions of the experiment, the reduction of the biotin content to 
only 015 p.p.m. still gave a yield of 107 per cent. 1 hat is, the 
reduction of the biotin content of the molasses to 55 per cent ot 
the optimum value gave 93 per cent of the optimum yeast yield. 
The method of calculation adopted here is exemplified by the 
following figures: 
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Net yield of yeast on molasses 
Weight of molasses 
Net weight of yeast produced 
Add weight of seed yeast 
(250 grm.) 

Gross yeast present 
Biotin present 


Total 


= 115 per cent. 

— 1000 grin. 

= 1150 grm. 

= 1400 grm. 

= 62-5 jugrm. in seed yeast, 
= 1004) ugmi. in molasses. 
= 187-5 ^grm* added as 
synthetic D-biotm. 
= 350-0 ugrm. (as d- biotin). 


Thus, the total biotin presents 350 /fgrm. when the total gross 
yeast present at the end of the assimilation—1400 grm. There¬ 
fore, the total D-biotin calculated on the yeast present=0-25 p.p.rn. 


Pantothenate 

"Fable 14 shows in a similar manner the influence ot panto¬ 
thenate (calculated as calcium D-pantothenate) on yeast yields in 
the presence of optimum amounts ol biotin and inositol It can be 
seen that optimum yields were given with 44 p.p.m. of panto¬ 
thenate calculated on the final amount ot yeast present. It is ol 
interest to note that Yields of 100 per cent on molasses arc obtain¬ 
able with only 18 p.p.m. of pantothenate—tbis is 8/ per cent of 

Table 14 


Influence of Pantothenate on Yeast Yield* 
(Allother ktiuiai nutritional requirements s -atisfied) 


Total pantothenate activity {nj 

Per cent 

calcium ^pantothenate) present 

yield of 

in medium [calculated as p,patt. 

yeast on 

on gross yeast present at end of 

molasses 

assimilation) 


tfi 

97-5 

1ft 

V 00-13 

20 

101-5 

24 

104-0 

2ft 

107-0 

32 

109-5 

36 

111 5 

40 

113 5 

44 

115-0 
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the optimum yield with only 36 per cent of the optimum panto¬ 
thenate figure. It has been previously shown that /?-alanine can 
effectively be substituted for pantothenate. 

Inositol 

Work carried out with a view to determining the influence of 
inositol on yeast yield always demonstrated that the yeast em¬ 
ployed was capable of synthesising inositol (or an inositol-active 
substance}, in the absence of added inositol, to the extent of 2000- 
3000 p.p.m. A considerable yield of yeast was still produced even 
when inositol was absent from the medium. It was found that the 
quantity of this nutrilite which must be added in the medium to 
produce optimum yields is of the order of 1000 p.p.m, of the total 
yeast present at the end of the assimilation, 

Assessment of yield-producing power of molasses 

Summarising the above: to assure optimum yield of yeast the 
following quantities of available nutrilite activity must be present 
in the medium calculated for the weight of yeast which would 
result from such an assimilation: 

biotin 025 p.p.m, 

pantothenate 44 p.p.m. 

inositol 1000 p.p.m. 

It follows that if a yield of 115 per cent is to be obtained from 
the molasses used, the above amounts must be multiplied by H5 
to indicate the amounts of the three nutrilites which the molasses 
must contain to be able to furnish the optimal yield. I he molasses 
should therefore contain: 

available biotin 0*29 p p m. 

available pantothenate 50 p.p.m. 

available inositol 1200 p.p.m. 

When a large seeding rate is employed these quantities may need 
to be amended to correct for deficiencies or excesses of nutrilites m 
the seed yeast. It must be emphasised that yeast can take up more 
than its optimum requirements of these three nutrilites and t 
analysis of a yeast may thus become a reflection of the relative 
richness of the growth medium in mitrihte factors rather than o 
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the actual requirements of the yeast. Also, although at is con¬ 
venient to calculate the amounts of nutrilites present in parts per 
million of the yeast produced, it does not follow that these are the 
quantities which will be found when the yeast is subsequently 
analysed. Not all the nutrilites in the wort are taken up by the 
yeast, and there are losses of up to 14 per cent of the biotin, 7 
per cent of the pantothenate and 43 per cent of the Inositol, due 
apparently to the destruction of nutrilites. (5ft? figures for nutrilite 
balances in yeast assimilations Chapter IN.) 

Many samples of molasses were analysed lor available nutrilite 
content by the yeast growth method (Chapter IX). Table 15 sum¬ 
marises results obtained for the available nutrilite content of 
molasses and malt wort. The nutrilite analysis of yeast is also 
included, but the results obtained for yeast arc the total nutralitc 
content after autolysis, as this is the end-product ot the process. 


Table 15 

Available Nutrilite Activity of Molasset Types and Mail IT oris 


Material 

Available biotin 
activity expressed 
oj so-biotin 
(p.p.im) 

Available panto- 
themite activity 
expressed as 
Cft-D-paHfo- 
ihenate (p.p.m.) 

Available inositol 
activity expressed 
as mesa-inositol 
(ppm,) 

Beet molasses: 

Figures representative of 


50-110 

5700-3000 

over 100 samples 

Cane molasses: 

004 - 0-13 

High-test 

03-0-4 

IS 

350 

Refinery (refiners 1 ) 

10-1-3 

Approx. 16 

2500 

Blaclt strap 

Fejt/, of 27% dry matter 

27-3-2 

50-60 

6000 

(normal commercial yeast) 
Malt uort (corrected to 

0-2-0-25*f 

f>0-70t 

4000-50001 

50% fermentable sugar) 

Approx. 0-1 

Approx, 25 

Approx. 4H()0 


* Figures for the biotin outwent of yeasts reflect the biotin corn cm of the 
medium in which the veast is grown, and y much wider range of biotin content 
has been found for yeasts grown in the laboratory in media much poorer or much 
richer in biotin than commercial worts, 
t Hgures for nutrilite contents of yeasts are for total nutrilite content. 


Discussion 

The relative efficiencies of the various raw materials for yeast 
production can now be discussed in the light of the requirements 
giver above. 


YEAST TECHNOLOGY 


Beet molasses 

This is, in general, a good source of all three nutriiites. There 
is, however, a very considerable variation amounting to 100 per 
cent or more between different samples. Beet molasses is indeed 
a very fine source of pantothenate and inositol and its content of 
these two factors is normally adequate for producing maximum 
yeast yield. The figures show, however, that under the best 
manufacturing conditions beet molasses will be deficient in biotin. 
The variability in this factor is dearly sufficient to account for the 
variable yields found in practice. 

Blackstrap molasses 

This is an excellent source of all three factors, but its use in 
practice is limited for other reasons. It often contains as much as 
30 times the amount of biotin found in an average sample of beet 
molasses. On the other hand, the amounts of pantothenate and 
inositol in blackstrap molasses are rather lower than in the 
average beet. 

Refiners * cane molasses 

The biotin content is extremely high and, for this reason, this 
type is often used in admixture with beet molasses to counteract 
the relative deficiency of biotin in the beet. Thus, up to 20 per 
cent of cane molasses is sometimes used, and this will raise the 
biotin content of the mixture to a satisfactory lev cl to gne maxc 
mum yields of yeast. It should be noted that refiners’ cane molasses 
is deficient in pantothenate activity, and for this reason it will not 
normally by itself give maximum yields of yeast. Judiciously 
proportioned mixtures of cane and beet molasses are better 
balanced in nutriiites and give better yeast yields than either o 
the constituents alone. 


High-test cane molasses 

This is rich in biotin but is so deficient in pantothenate anc 
inositol as to be of limited value for yeast manufacture, even in 
admixture with other molasses. At one time mixtures of beet am 
high-test cane molasses were in common use in this country an 
in America, but results were often poor, 
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Malt wort 

On a comparable fermentable sugar basis, malt wort is usually 
poorer in all three “bios" factors than good beet molasses. This 
is contrary to popular conceptions, but practical results confirm 
that a good beet molasses is often a better growth medium than 
malt wort from the nutriiite aspect. 

Other aspects of nutriiite deficiency 

There are strong indications that, in addition to restricting 
growth, deficiencies of nutrilites have considerable influence on 
the physiological behaviour of the yeast crop* 1 hits, inositol 
deficiencies can lead to verv poor panary fermentation per¬ 
formance. It has also been found that, yeasts grown in worts 
deficient in nutrilites often have poor keeping properties, autolysis 
occurring much faster than in a yeast grown under the best con¬ 
ditions. Lack of adequate pantothenate often seems to be linked 
with rapid autolysis and particularly with rapid breakdown of 
sulpho-proteins with sulphide production. 

Mechanics of nutriiite action 

\\ hen it was found that a deficiency in the nutriiite content 
of the medium was responsible for a poor yield of yeast it ob¬ 
viously became of importance to investigate the fate of the sugar 
which had been consumed from the medium. A salient point to 
settle was whether the sugar had been used by the yeast, whether it 
had hcen transformed into some intermediate, or whether it had 
been converted by fermentation to alcohol and carbon dioxide and 
in this way lost to the system, f or this purpose “carbon balances * 
nf the brews were carried out—that is, the total quantity of carbon 
present in all stages of the fermentation was determined. Many 
such analyses were carried out under very varied conditions, and 
typical examples are given in Table 16. Assimilation No. 1 shows 
such a balance when the sugar source is glucose and no nutrilites 
present other than those in the seed yeast. In this case, the 
200 grm. of sugar carbon were partitioned as 59 grin, combined 
as new yeast substance, a little only (4 j 5 grm.) was left in tlie 
separated wort, and the bulk of the carbon was completely lost to 
the system as “volatile carbon*" compounds, chiefly as ethyl 
alcohol and carbon dioxide. 

The addition of only 400 microgrm. of n-biotm to the system, 
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Table 16 

Carbon Balances of Yeast Assimilations showing the Effect, of NutnHtes 
(Details of Assimilations as given in Table 1) 
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however, was responsible for a profound alteration of the picture. 
Here 119-5 grm. of carbon were transformed into yeast substance 
(an increase of 60 gem.) and a comparable decrease of “volatile 
carbon' 5 was recorded, the carbon left in the separated wort being 
virtually constant. This demonstrates the fact that in low yields 
due to nutrilite deficiency there is a great loss of carbon to the 
system as "volatile carbon”, very little being left in the separated 
wort in any form. 

As previously stated, in a very large number of experiments the 
yield of yeast has never exceeded 210 parts per 100 parts of hexose 
sugar supplied, and the carbon balance of such a ' maximum 
yield 1 ' assimilation is shown as No, 3 in the table. In this case it is 
seen that, of the 200 grm, of sugar carbon, 133-4 grm. go to 
form yeast substance and 62-3 grm, are volatilised. 

These figures therefore show that, under the best conditions of 
nutrition and with optimum aeration, two-thirds of the carbon 
from the hexose sugar is transformed into yeast substance and 
one-third is lost by volatilisation. As stated above, most of this 
loss as volatile carbon is due to carbon dioxide, 1 he balance 
between this figure and the total "volatile carbon” figures of 
experiments (1) and (2) is in great part due to ethyl alcohol 
Deficiency of nutrilites in a wort system thus has a similar effect 
to deficiency of aeration, causing loss of carbon by volatilisation as 
ethyl alcohol. This carbon in the presence of adequate nutrilites 
15 transformed into yeast substance. 

Conclusion 

The yeast manufacturer is awakening to a realisation that Iris 
potentially great yields of yeast make heavy demands on the 
nutrilite resources of his materials. Only by carefully selecting, 
evaluating, and blending these materials can he obtain the optimum 
rields which economic working demands, lor tilts purpose he 
m ust study the exact requirements of the yeast strains which be 
u &es, and examine his materials by methods and under conditions 
which are appropriate to his own process and which differ widely 
fr om those of the beer brewer. The rewards of such a study are 
Sceh in consistently high yields of yeast on the materials consumed, 
imd in the elimination of those bathing fluctuations which in the 
Past have been attributed to any and every cause except that which 
ls 110w known to be the right one. 
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Summary 

(1) The chief features of modern processes for bakers' yeast 
production are briefly described. The yield of yeast will, in the 
absence of other limiting factors, be regulated by the supply of 
nutrilites. 

(2) The particular strain of yeast used for this work required 
only biotin, pantothenate, and inositol. To furnish optimum yields 
of this yeast, molasses with 50 per cent of fermentable sugar re¬ 
quired the following available nutrilite activities: 

Biotin-active substances 0-29 p.p.m. 

Pantothenate-active substances 50 p*p,m. 

Inositol-active substances 1200 p,p*m. 

(3) The nutrilite content of the chief sources of raw materials 
(blackstrap, high-test, and refiners 1 cane molasses, beet molasses 
and grain worts) are discussed and correlated with the yeast yields 
from these materials. 

(4) Effects of nutrilites on yeast keeping properties and panary 
fermentations are discussed, 

(5) “Carbon balance” estimations have demonstrated the effect 
of nutrilites on the assimilation of the carbon of the sugar supplied 
for yeast growth. Even under optimal conditions, a loss of one 
third of the carbon present in a hexose sugar seems inevitable, 
due to carbon dioxide production. Under such conditions the 
yield of yeast (at 27 per cent dry matter) is about 210 per cent o 
the weight of hexose sugar supplied, 

[The substance of this chapter was communicated to the First 
International Congress of Biochemistry (Section XII), Cambridge, 
on 23rd August, 1949,] 




CHAPTER IX 

YEAST GROWTH METHODS FOR THE DETERMINATION 
OF BIOTIN, PANTOTHENIC ACID, AND INOSITOL 
ACTIVITIES IN RAW MATERIALS 

With notes on the estimation of Aneurin, Riboflavin, and 

Nicotinic Acid 

I N connection with work on the role of nutrilites in the production 
of bilkers 1 yeast, methods have been developed tor examining; 
brewing materials to measure accurately not merely the activity of 
one specific nutrilite factor but the sum of the activities ol related 
compounds having similar growth-promoting effects* By propa¬ 
gating baking yeast in an aerated, synthetic medium, the growth 
response to an addition of test material is used to measure this 
total activity which, in the case of biotin for example, may include 
desthiobiotin and other compounds in the biotin group. Since it 
is misleading to include in the result nutnlite combined in a form 
in which it is unavailable to yeast without exceptional treatment, 
pre-treatment of test materials must be correlated with factory 
procedure and results expressed as nutrilite activities available 
under brewing conditions^ The techniques described make 
possible accurate and consistent nutrilite assays conforming with 
the above principles. Methods using lactobacilli have little value 
to the yeast manufacturer. The results obtained on molasses, malt 
worts, and various other materials are recorded, and nutrilite 
balances show the degree of utilisation and loss of these I actors 
in commercial yeast production. 

Introduction 

Tor a review of the historical development and existing state ol 
knowledge of yeast grow r th iactors a paper on this subject by 
L- Atkin(l) should be consulted.* To the three originally recog¬ 
nised factors there have now been added aneurin, pyridoxin, and 
nicotinic acid, and some yeasts have been found which require all 
six of these. That the present chapter deals only with biotin, 

T ulio Chapter* Vl I and ^ III. 
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pantothenic acid, and inositol is due to the fact that typical baking 
yeasts do not respond to additions of the other three factors and 
give full and satisfactory growth in their absence. The method 
described here could readily be adapted to the estimation of any 
of the other factors when working w r ith a yeast which requires 
their presence in the medium for maximum growth. 

In assaying raw materials for biotin, pantothenic acid, or 
inositol, the yeast manufacturer is usually less concerned with 
these substances as distinct chemical entities than with their 
respective activities as growth factors. It is well known that some 
yeasts are able to synthesise essential nutrilites from simpler or 
related molecules so that, when evaluating materials which are to 
be used for yeast production or added as adjuncts to enrich the 
medium in nutrilites, it is essential to include in the results any 
such precursors which will be available and acceptable to the strain 
of yeast concerned, since these may constitute an important fraction 
of the particular nutrilite activity which is being measured. While 
in certain cases it may be possible to estimate the active com¬ 
pounds separately, this involves both a complete knowledge of the 
compounds w'hich the yeast can utilise and the development of 
specific methods for assaying each of them. For practical purposes 
k is obviously of greater value to measure the total nutrilite 
activities of the material towards the yeast in question and to 
express the result as biotin, pantothenic acid, or inositol activity, as 
the case may be. In the present state of our knowledge this is best 
achieved by using as test organism the yeast strain subsequently 
to be grown from the materials under test. 

Most of the published work on the estimation of biotin and 
pantothenic acid has been carried out using Lactobacillus casei or 
L. arabinosus as test organism, A survey of the properties of biotin 
and related compounds(2) makes it clear that lactobacilH react 
very differently from yeasts towards certain compounds of the 
biotin group. For example, D-desthiobiotin, which is active 
towards Saccharomyces cerevmae , not only has no such activity 
towards L, casH but to some extent antagonises the effect of biotin 
on this organism, Other analogues of biotin are active towards 
yeast but not towards lactobacillh It must be borne in mind that 
there is no proof that D-biotin is the only active compound m 
natural materials with biotin-activity for yeast; in fact there is 
strong evidence to the contrary. 
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In the case of pantothenic acid it has long been known that 
some strains of S* cerevisiae are able to utilise /J-alanine as a 
substitute for this nutrilite, On the other hand, ^-alanine has no 
pantothenate activity towards L. casei and L. arahinosus. In these 
circumstances, and in work where the nutrilite activities of brew¬ 
ing materials and adjuncts are to be judged from the practical 
aspect of yeast growth (either in beer brewing or in the production 
of baking yeast), the disadvantages of methods using lactobacilli 
will be apparent. 

With regard to the pre-treatment of materials which arc to be 
assayed, other workers have recommended autoclaving with 
sulphuric acid or digesting with enzymes in order to liberate those 
fractions of the total nutrilite content which arc combined in a way 
which renders them unavailable to the yeast, I his maximum 
figure may be of interest from some points of view but it is oi no 
value to the yeast manufacturer unless he intends to treat or 
extract his materials by the same methods in the factory, It is 
therefore suggested here that test samples should only be given a 
treatment which would normally be practicable under conditions 
of large-scale yeast growth with results expressed as available 
nutrilite activity, unless there are special reasons for wishing to 
know the total amount present. 

In previously published methods based on yeast growth the 
medium is agitated in a flask or tube and the yield ol yeast is some¬ 
times measured nephelometrically. No special precautions are 
taken to control the aeration of the medium in spite ot the fact 
that it is a most powerful factor in regulating yield. A strong but 
accurately controlled aeration is described below which, while 
giving good agreement in controls* ensures a large yield oi yeast 
when suitable additions of the test material are made. The yeast 
is fitted with ordinary gas taps to which the aerating tubes are 
giving a high standard of accuracy. There i$ the further advantage 
that the yeast is grown under conditions more nearly comparable 
those of large-scale production* 


* Experimental 

Apparatus 

^cast assimilations are carried out in tall glass beakers, 3 litres in 
capacity| height 10 in* and diameter 5 in. The vessels are housed 
a water hath thermostatically maintained at 30 3 C, (86 & K)* 
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Compressed air is supplied to the vessels through suitable trap 
devices which remove water, oil, and dust. The air from the com¬ 
pressor main is led into a cylinder of fairly large capacity which 
is fitted with ordinary gas taps to which the aerating tubes are 
attached by rubber connections* This cylinder is also fitted with 
an air blow-off valve which automatically controls the air pressure to 
the desired value as shown by a manometer. Each aerating element 
consists of a stainless steel tube* 15 in. long, the lower end closed 
with a rubber bung, and drilled with a single hole (3/64-im dia¬ 
meter) on the underside in order to blow a stream of air down¬ 
wards close to the bottom of the vessel. The aerators are placed 
in the vessels in precisely similar ways and control experiments 
carried out in all vessels should show that they give identical 
performances. A loosely-fitting, stainless steel lid is placed on each 
vessel to minimise evaporation* It was found necessary to use 
stainless steel equipment, as copper and tin gave erratic results 
due to the toxic effects on yeast of traces of these metals. 

Nutrient solution for biotin estimations 

The total volume of the liquid at the start of the assimilation is 
1100 ml., containing the following nutrient materials: 


Sugar (as sucrose) 

50 

grm. 

Ammonium sulphate 

4 

J » 

Disodium phosphate 



{Na a HP0 4 .2H a O) 

2 

1 > 

Magnesium sulphate 

0-5 

It 

Calcium chloride 

0T 

11 

Ferric ammonium sulphate 

0 02 

11 

Zinc (as sulphate) 

0-2 

milligrms. 

Copper (as sulphate) 

0 01 


Aneurin (vitamin B t ) hydrochloride 

200 

microgrms 

Riboflavin (vitamin B s ) 

100 

j t 

Nicotinic acid 

5000 

' 9 

/j-Aminobenzolc add 

300 

tt 

Pyridoxin (vitamin B e ) 

1000 

5 * 

Calcium D-pantothenate 

500 

1 1 

Meso- inositol 

50,000 

n 


Buffer solution: 10 ml. of a solution consisting of 800 ml. of 
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SO per cent potassium lactate + 75 mL A*R. lactic acid, (This also 
supplies the necessary potassium,) 

Nutrient solution for pantothenate estimations 

This is precisely as for biotin except that the calcium panto¬ 
thenate is omitted and 10 mlcrogrm. of r>-biotin arc added, 


Nutrient solution for inositol estimations 

This is precisely as for biotin except that the inositol is omitted, 
the total pantothenate is adjusted to 500 microgrm.j and the total 
biotin to 10 microgrm,, inclusive of any pantothenate and biotin 
added in the test material. 

General conditions of estimations 

To facilitate operations, the ammonium sulphate and disodiuin 
phosphate are added together as 50 mL of a salt solution A which 
contains 200 grm. of sulphate and 100 grm, of phosphate (with 
sufficient sulphuric acid added to bring the final pi I to 5-5) in 
2500 ml of solution. Similarly, magnesium sulphate (25 grm,), 
calcium chloride (5 grm.), and ferric alum (1 grm.) are made up 
to 2500 mb of solution B and 50 ml. of this solution are taken for 
each experiment. (Solution B is made slightly acid by the addition 
of 4 drops of concentrated hydrochloric acid to maintain the iron 
in solution.) When carrying out estimations on sugar-containing 
materials the fermentable sugar content of the test material (as 
sucrose) is deducted from the standard 50 grm. and the balance 
added as sucrose. The mineral salt solutions, together with 10 mL 
of buffer and the sucrose, are boiled with 200 ml, of added water 
for 1 minute and then cooled to about 30 C. (86° F.). The other 
mitrilites are then added (from standard solutions) together with 
the solution of the test material, and water is added to give a total 
volume of 1100 ml, (an etched mark on the beaker is useful here), 
lire temperature of the solution is adjusted to 30 CL (86 y F.) and 
each vessel is seeded with 0 3 grin, (10 ml, of a 3 per cent 
suspension) of seed yeast taken from a non-in ere mental stage of the 
factory brewing process where conditions of yeast growth are stan¬ 
dard and the properties of the yeast used are the same for each test. 
Six drops of anti-frothing oil are added and the beakers are placed 
in the water bath. The aerating tubes and lids, previously 
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sterilised by steaming for 10 min. in an autoclave, are carefully 
placed in position and air is passed into the beakers at the standard 
pressure (21^ in. of water on the manometer was found to be 
suitable) giving good, brisk aeration without risk of loss by frothing 
provided anti-frothing oil is present. Assimilation is allowed to 
proceed for exactly 24 hr,, a period which allows of good yeast 
growth when adequate doses of nutrilire are present in the test 
material. 

pH control 

The assimilations are started at pH 5-5*5, and the buffer 
effect of the potassium lactate-lactic acid mixture prevents too 
rapid a fall. To avoid an unduly low finishing pH, however, an 
addition of 10 ml, of N NaOH is made to each assimilation 10 hr. 
from the start, and this produces a normal finishing pH o! 3*5 or 
above. Under these conditions the pH throughout the assimilation 
has no effect on the final yield. 

Determination of total yeast dry matter produced 

At the end of 24 hr., the yeast suspensions are each filtered upon 
a hard (Whatman, No, 50) paper using a pressure filter (Chapter 
XI, page 139), The yeast cake so obtained is weighed and well 
mixed and a dry matter determination is carried out by drying 
about 1*5 grm. of yeast to constant weight at 102-105°C, (216- 
221° F.), 5 hr, heating being normally sufficient. The total dry 
weight of yeast produced in the assimilation is thus calculated. 
From this the amount of yeast at a dry matter content of 27 per 
cent is derived. 


Standard responses of yeast growth to nutrilites in synthetic 
medium 

The growth responses of the yeast to additions of pure, synthetic 
o-biotin, calcium D-pantothenate, and meso- inositol, using the 
media and methods described above, are shown m Figs, 28, 29, 
and 30, 

Estimation of nutrilites in natural materials 

A suitable method of extraction of the material is first decided 
on, this being entirely dependent upon the specimen under 
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Microg^dms-j, Calcium d-Pantothenate 
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examination. Typical cases and results are discussed in detail 
below. Raw materials for use in yeast manufacture are in general 
treated so as to evaluate only the nutrilite activity which will be 
available to the yeast when such material is used in the brewery. 
Care is taken to avoid any treatment which will liberate nutrilites 
from complexes in which they are unavailable to the yeast unless 
it is intended to pre-treat the material in the same way in the 
production plant. Thus, in the case of various types of molasses 
which are the principal raw materials of the yeast manufac¬ 
turer, the test sample is added to the assimilation medium 
without any preliminary treatment apart from normal sterilisation 
procedure. 

The amount of material taken for the biotin estimation should 
preferably be such as to show an activity equivalent to 0-5-1 
rnicrogrm. of D-biotin. For pantothenate the optimum working 
range is 75-150 rnicrogrm, of calcium D-pantothenate and for 
inositol, 10-20 milligrm. meso-i nositol. The amount of available 
fermentable sugar in the material taken is determined, expressed 
in terms of sucrose and subtracted from 50 grm. to give the amount 
of sucrose to be added to the medium. Thus, if 10 grm. of 
molasses is chosen as a suitable test quantity, having a fermentable 
sugar content of 50 per cent (as sucrose), only 45 grm + of sucrose 
are added in the test. The yeast growth response is then determined 
as previously described. Certain small corrections need to be 
applied to the amount of yeast obtained to adjust for small stimu¬ 
lations of yeast growth by amino acids and other assimilable, non- 
sugar substances, and by “trace'' inorganic materials present in 
the test sample (see below)* The corrected yeast weight is then 
compared with the standard growth curve for the nutrilite which is 
being determined and the quantity of this nutrilite in the test 
specimen is thus obtained* 

Corrections to be applied 

It is found that traces of inorganic elements present in some 
natural brewing materials, when added to the synthetic medium, 
cause slight increases in the quantity of yeast produced by a 
standard addition of a nutrilite factor. Correction is made by 
ashing a similar quantity of test material to that taken for the 
assay and determining the yeast growth response produced by this 
ash (after dissolving in hydrochloric acid and adjusting with 
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ammonia to pH S'O) under standard conditions. In practice this 
correction is obtained together with a correction for organic sub¬ 
stances as described below. 

It has been demonstrated that in addition to fermentable sugars, 
yeast can assimilate other organic substances and use carbon from 
such compounds for the elaboration of yeast dry matter. For 
instance, asparagine and aspartic acid have been shown to be 
assimilated(3), Beet molasses, malt worts, etc., contain measurable 
amounts of such compounds and a suitable correction must he 
applied. The correction is made by adding a known amount of 
test material to an assimilation containing all the inorganic salts 
and nutrilites as detailed above for biotin estimation, but including 
10 microgrm. of D-biotin which gives the maximum yield 
obtainable from 50 grnv of sucrose. The increase in yield 
above the standard quantity of yeast given by 10 microgrm. 
of D-biotin is due to the non-sugar assimilable substances and 
the trace elements together. This increase is subtracted from 
the total yeast yield given by the same quantity of test material 
in the various nutnlite assays to give the true yeast growth 
responses due to the nutrilites in the specimen. These corrections 
are usually only of significance when a fairly large quantity of 
material has to be taken for test. In biotin estimations on 
molasses, for instance, the total correction is only 2-5 per cent 
of the yeast weight. 

General notes 

The accuracy of the methods for estimating the three nutrilites 
has been carefully checked by the addition of varying amounts of 
the nutrilites to standard amounts of natural materials previously 
assayed for nutrilite content. Quantitative recovery of the amounts 
added has been obtained, The precision of the biotin and panto¬ 
thenate estimations is of the order of :L 2 per cent. The inositol 
assay is less satisfactory at ± 5 per cent. Variations in the yeast 
culture can cause considerable variations in the standard curves, 
and control experiments should regularly be carried out as a safe¬ 
guard, The length of the assimilation period (24 hr.) and the 
temperature (30" C,; 86°F.) must be rigidly adhered to in order to 
obtain reliable results. 

It has been shown that D-desthiobiotin has similar activity to 
D-biotin, and that both L-biotin and L-dcsthiobiotin are inactive 
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towards yeast* In the case of the inositol estimation it has been 
found that variations in the amounts of pantothenate and biotin 
above the standard amounts taken for the assay can affect the 
standard curve* The inositol assay can therefore only be carried 
out when the biotin and pantothenate in the test material have 
been assayed, so that the quantities of these factors in the addition 
of test material can be deducted from the standard amounts (500 
microgrm. pantothenate and 10 microgrm* biotin) added to the 
medium. It is necessary to take sufficient material to yield between 
10 and 20 milligrm. of inositol activity to obtain satisfactory results 
in this assay. It is of interest to observe the high yeast yield 
obtained in the assay without any addition of inositol, which is 
due to the ability of the yeast to synthesise part of its inositol 
requirements under these conditions* 

Standards 

Synthetic D-biotin is the standard of biotin activity and results 
are expressed in parts per million as this material. The ctystalline 
biotin is dissolved in water (double glass-distilled); sterilised, the 
solution may be kept in ampoules for a considerable time. Panto¬ 
thenate activity is expressed as p.p.m. of calcium D-pantothenate. 
The cystalline calcium salt is dissolved in sterile, distilled water 
and a solution containing 100 microgrm. per 1 ml* is stable 
for many weeks at normal temperatures. Inositol activity is 
expressed as p*p.m. of meso- inositol* A standard solution of the 
latter in sterile water keeps satisfactorily for some weeks in the 
laboratory. 

Extraction Method and Results Obtained 

Table 17 summarises the results obtained from the assay of 
various raw materials for nutrilite content. All materials in this 
table are the normal sugar sources from which compressed yeast 
is made* Table 18 shows results obtained for certain miscel¬ 
laneous materials which have from time to time been suggested as 
possible adjuncts to the yeast manufacturing process. The assay 
of the nutrilite content of yeast has been found to offer special 
difficulties and these results are summarised in 'Table 19. The 
following notes deal with points of special interest connected with 
these analyses* 
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* The Vitamin B complex in relation to beer brewing with analyses of materiEils has been reviewed by F. W. Norris(4), 
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Beet molasses 

This material is assayed directly for nutrilite content. The 
biotin activities of many hundreds of samples from many localities 
have been determined and have been found to show a considerable 
variation, ranging from 0 04 to O'l 3 p.p.m. The biotin activity 
seems to vary both with the individual sugar refinery and with its 
locality. Storage of beet molasses for long periods has been shown 
to have no effect on biotin content. Heating molasses with 3N 
sulphuric acid for various times gave no increase in biotin content 
—indeed an apparent loss of 34 per cent in biotin activity was pro¬ 
duced by autoclaving for 1 hr. at 120° C. (248 5 F,) with this acid 
concentration, probably due to biotin adsorption on the carbon or 
humus-like substances formed and precipitated during this treat¬ 
ment, Using L. arabinosus as test organism, beet molasses has 
given results (kindly obtained by Dr. F. W. Norris, University of 
Birmingham) equivalent to approximately 35 per cent of the results 
obtained using the yeast method. There is good ground for 
believing that the biotin activity of beet molasses towards yeast is 
the sum of the activities of biotin and other biotin-active sub¬ 
stances such as dcsthiobiotin and biocytin, the lactobacilli measur¬ 
ing only a portion of the total activity. Much of the pantothenate 
activity of beet molasses is probably due to j£f- ala nine. Rogers and 
Mickelson(5)> using L , casei, found only 1-3 p.p,m. of true panto¬ 
thenate per grm. 

Blackstrap molasses 

This has a very high biotin activity in comparison with beet 
molasses. The pantothenate activity of samples assayed showed 
54 p.p.m. Rogers and Mickelson (tec* at,) found 21-4 p,p*m. of 
true pantothenate. 

Refiners 3 cane molasses 

It should be noted that this also has a very high biotin activity 
compared with beet molasses. 

High-test cane molasses 

This is normally the purest cane molasses fraction and contains 
70-80 per cent of sugar (as invert), There is found a very small 
pantothenate activity of 2'5 p,p.m., which compares with the 
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figure of 27 p.p.m. of true pantothenate activity obtained by 
Rogers and Mickelson. 

Malt wort 

This is still to a small extent used for yeast production in Great 
Britain and on the Continent of Europe. The biotin activities 
obtained have averaged 0 0206 p.p.m. (2*06 microgrm. per 100 ml.) 
at a gravity of 14-3° Balling (sp. gr. 1*059) which gives a fermentable 
sugar content of 10 per cent (w/v). If this figure is calculated to a 
50 per cent fermentable sugar basis to give a direct comparison 
with beet molasses* the biotin activity is 0103 microgrm, per mb 
This compares with a figure of 01 microgrm* per grm., or 
014 micrognru per ml. for an average beet molasses (sp, gr, 1-38). 
Malt wort is assayed for biotin activity without pre-treatment, 
using 10 ml. of wort at 14*3° Balling (sp. gr. 1 059). It has been 
shown that a further 30 per cent increase in the biotin activity of 
wort is recorded after autoclaving for 1 hr. at 120° C. (248 fl F.) 
with 3N sulphuric add. Such an extraction procedure would be 
impracticable, and from many points of view undesirable, in the 
yeast factory, 

Malt culms 

These culms were pre-treated by exhaustive extraction with dilute 
sulphuric add at pH 4-5 at 100“ C. (212°F.). The pantothenate 
activity of 76 p.p.m. is probably largely due to ^-alanine. R. H. 
Hopkins, S. Wiener, and C. Rainbow(6) have recorded a content 
of 27 p.p.m. of true pantothenate by assay with L. arabinosus. 

Beef extract 

A well-known brand of beef extract showed a pantothenate 
activity of 1200 p.p.m, by direct assay, After autodaving with 
3N sulphuric acid for 1 hr. at 15 lb. per sq. in. the pantothenate 
activity was increased to the most remarkable value of 22,000 
p.p.m. This increase may be ascribed to the hydrolysis of the 
dipeptide earnosine (0-alanyl histidine) into its two amino-acid 
components, the ^-alanine thus liberated being the active factor 
towards the yeast. "Artificial meat extracts” which are in fact 
plant protein hydrolysates showed only a little pantothenate 
activity after similar treatment. 
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Separated worts 

Figures for the nutrilite contents of separated worts are of 
limited significance, but they serve to show the order of loss of 
valuable factors in an assimilation and were obtained in this 
instance for the purpose of drawing up nutrilite “balances” in 
works assimilations. 

Yeasts 

In the case of yeasts it is important to obtain analytical figures 
showing the total content of nutrilites, not merely the available 
amounts obtained by some simple method of extraction. This is 
particularly important when the balances of nutrilite activities in 
yeast assimilations are being determined. Yeast, as the end- 
product of the assimilation* becomes a storehouse for the nutrilite, 
much of which may be combined with protein or in some complex 
form from which it must be freed by specialised treatment* Yeast 
boiled with water for 30 min. gave a biotin content of 0*065 p.p.m, 
(expressed on yeast at 27 per cent dry matter)* The standard 
method of preparation of samples for biotin estimations on 
materials by the Lactobacillus method consists in autoclaving the 
sample for 1 hr. with 3N sulphuric acid at 15 lb* per sq* in. This 
method yielded rather higher results, up to 015 p.p,m. When, 
however, the same yeast was autolysed in the presence of toluene, 
the natural enzymic breakdown was found to prove most efficient 
in freeing the “bound” biotin, for the assay in this case gave 0 26 
p r p*m. It was therefore decided that, in order to obtain maximum 
results for the nutrilite content of yeasts, all samples should be 
autolysed in this way* The procedure is to place 50 grm* of 
crumbled yeast in a 1 litre conical flask, add 20 ml, of toluene, and 
incubate for 7 days at 30 s C. (86* F,)* Two hundred ml. of water are 
then added and the toluene is removed by boiling. The solution h 
filtered quantitatively with the aid of some kieselguhr and the 
equivalent of 2-3 grm* of yeast is used for the assay* The total 
correction to be applied for inorganic and organic substances 
was found to be of the order of 0*3-0-6 grm* of yeast yield per 
grm. of autolysed yeast added in the assay* Normal baking 
yeasts contain 0 2-0-3 p.p.m, of biotin activity, although yeasts 
grown in media low in biotin have contained as little as 0 -Oh 
p.p.m. Normal yeasts have 62-67 p.p.m. of pantothenate activity 
but yeasts grow n in conditions of pantothenate deficiency showed 
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only 12 p.p.m, Hopkins, Wiener, and Rainbow ( loc * at.) re¬ 
corded a figure of 40 p.p.m. of true pantothenate in brewery 
yeast. All the yeasts examined contained between 4000 and 
5000 p.p ,nu of inositol activity. Similar figures were obtained 
by Eh W. Woolley(7). 


Balances of Nutnlite Activity in Molasses Assimilations 

“Balance-sheets” of biotin } pantothenate, and inositol activities 
in yeast production from molasses were obtained by assaying the 
nutrilites in the “ingoing” materials (molasses and seed yeast) 
and “outgoing” materials (yeast yield and separated, spent 
molasses wort). The figures obtained were as follows: 


Biotin balance: (7000 lb* of yeast produced): 


Ingoing 

materials 

Biotin activity 
(grm. as 
o-biotin) 

Outgoing 

materials 

Biotin activity 
{gnth as 
D-btotm) 

Seed yeast 

0-238 

Yeast 

0 997 

Molasses 

0-932 

Separated wore 

0-013 

Brewing water, salts. 



etc* 

nil 



Total 

1-170 

Total 

1010 


Fourteen per cent of the total ingoing biotin could not be 
recovered in the outgoing materials, that is, there is an apparent 
biotin loss of about 14 per cent of the ingoing biotin in this type of 
assimilation* Loss of biotin in the separated wort was small 
(0-013 grm., only 1 per cent of the total ingoing biotin). 


Pantothenate balance: (5000 lb. of yeast produced); 


Ingoing 

materials 

Pantothenate 

activity 

(grm. as calcium 
d -pantothenate) 

Outgoing 

materials 

Pantothenate 

activity 

(grm. as calcium 
u-pantothenate) 

Seed yeast 

30-39 

Yeast 

136-3 

Mo lapses 

150-60 

Separated wort 

31 9 

Brewing water, salts, 




etc. 

nil 



Total 

180-99 

Total 

168-2 
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Only 7 per cent of the pantothenate activity in the ingoing 
materials was unaccounted for in the outgoing materials* A 
considerable amount—over 20 per cent of the pantothenate 
activity of the molasses used—was left in the separated wort* 


Inositol balance : (5000 lb* of yeast produced); 


Ingoing materials 

Inositol activity 

m 

Outgoing materials 

Inozitoi activity 

m 

Seed yeast 

403 

Yeast 

19-54 

Molasses 

Brewing water, salts> 
etc* 

32'54 

nil 

Separated wort 

1 27 

Total 

36-57 

Total 

2081 


In this case 43 per cent of the ingoing inositol was unaccounted 
for and only 3'5 per cent was found in the separated wort. As has 
been mentioned above, the yeast used for this work was found to 
be capable of synthesising part of its inositol requirements when 
grown under conditions of inositol deficiency* A balance-sheet 
drawn up in the case of such an abnormal assimilation will show 
more inositol on the outgoing than on the ingoing side* 


Notes on the Estimation of Aneurin, Riboflavin, and 

Nicotinic Acid 

By J* Park, B.Sc., F.R.LC, 


Many methods are now available to the analyst in a well- 
equipped laboratory for the estimation of the members of the 
Vitamin B Complex. 


Aneurin, Vitamin Bj, may be estimated: 

(a) Microhiologically, using Lactobacillusfermentum 36* The tur¬ 
bidity produced by the growth of this organism in a well-defined 
synthetic medium deficient only in aneurin and containing a dose 
of test material is compared against standards using a range of 
aneurin concentrations* This method, together with methods for 
the determination of other members of the Vitamin B Complex, 
has been discussed by E* C* Barton-Wright(8)* 
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(ft) Microbio logically, using yeast. Schultz, Atkin, and Frey(9) 
ha'e described a method by which aneurin may be assayed using 
as test organism a strain of yeast. Addition of aneurin to a 
synthetic medium in which the yeast is growing stimulates the 
rate of production of carbon dioxide gas which can be measured 
manometrically. 

(c) Chemically. W hilst stable in acid aqueous solutions, aneurin 
is rapidly destroyed in neutral or alkaline solutions. It is also 
readily reduced and oxidised in solution, and its determination 
chemically is based on its oxidation to thiochrome and subsequent 
determination of the fluorescence of the thiochrome in ultra¬ 
violet light. The assay of aneurin hydrochloride in biological 
materials falls into two parts, the extraction and purification of the 
solution of aneurin, followed by its oxidation to thiochrome and 
subsequent measurement of this substance. 

Extraction is made by digestion for 30 min. in a boiling water 
bath of a portion of sample containing about 30 microgrm. 
aneurin HCI suspended in about 70 ml. N/10 IfCl, the final 
pH of the mixture being adjusted to 4-5-5 0 either with dilute 
HCI or 30 per cent sodium acetate using bromo-cresol-green as 
indicator. The ratio of volume of acid to sample should be at least 
15:1 and frequent agitation is necessary during digestion. The 
sample is then cooled to 45-50° C. and 5 ml. of a fresh 10 per 
cent aqueous suspension of Taka-diastase added and the whole 
incubated at 45-50°C. for at least 3 hr. If longer incubation 
is necessary here (e.g. overnight), a little toluene should be added 
to prevent mould growth. The mixture is then either centrifuged 
and decanted or filtered. In either case the clear solution and 
washings are bulked to 100 ml. and an aliquot of, say, 20 ml. 
passed through a prepared adsorption column of base-exchange 
silicate. The column is washed with three portions of 10 ml. of hot 
water and the filtrate and washings are rejected. The aneurin is 
then eluted from the column by washing with three portions of 
5 ml, each of a warm 25 per cent potassium chloride solution con¬ 
taining 0-85 per cent by volume of concentrated hydrochloric 
acid. The eluate is collected in a 25 ml. volumetric flask, cooled, 

and made to the mark with the same acid potassium chloride 
solution. 

For the oxidation and estimation two aliquots of the above 
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purified solution of 5 ml each are taken and 3 ml, of IS per cent 
potassium hydroxide solution added to each. To one, aqueous 
potassium ferricyanide is added by drops until a faint yellow colour 
persists for 15 sec,, and to the other a corresponding volume of 
water. To both 15 ml. isobutyl alcohol is added and each shaken 
vigorously for 90 sec. These operations are carried out as 
quickly as possible after addition of the alkali. The liquids are 
centrifuged for 2 min. and the aqueous layer siphoned off. To 
the alcohol layers 2-3 grin, anhydrous sodium sulphate is 
added and shaken and on settling the clear alcohol layers are 
decanted into suitable cells for measurement of the fluorescence 
in a fluorimeter. 

Owing to destruction of the thiochrome by ultra-violet light, 
exposure time during measurement should be cut to a minimum. 
The reading of the portion treated with ferricyanide gives a 
measure of the aneurin content of the sample and that of the un¬ 
treated portion a measure of the sample blank. The fluorimeter is 
standardised by taking several graded aliquots of up to 50 micro- 
grm. of aneurin hydrochloride through the whole process out¬ 
lined above. The stability of the fluorimeter can be checked by 
using as reference a solution of quinine sulphate at a concentration 
of 0 25 microgrm. per ml. 

It is useful to check the efficiency of the adsorption column by 
omitting the adsorption step in some of the standardisations as 
occasionally a column of somewhat low adsorptive power is 
obtained. Should such be detected, a fresh batch of silicate must 
be made and a properly efficient column prepared. 

The columns used have a reservoir of 25-30 ml. at the top, 
narrowing smoothly to a uniform column 6 mm, internal diameter 
and 15 cm. long. The lower end is drawn to a narrow jet delivering 
about 1 ml per minute when the column is full of water. The 
silicate is used in the form of granular powder 5Q-S0 mesh and is 
activated before use as follows. About 100 grm. of silicate are 
covered with 200 ml. hot 3 per cent acetic acid solution and after 
15 min. the acid is removed by decantation or mild suction. 
This acid treatment is repeated twice. The silicate is next given 
three similar treatments using 25 per cent potassium chloride insteat 
of the acetic acid, and finally washed with boiling distilled water 
until free from chloride. It is then dried at 60-95 C. and store 
in a wide-mouthed stoppered bottle. The column is filled by 
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placing a small plug of glass wool above the outlet jet and pouring 
into it an aqueous suspension of 1-2 grm* of activated silicate* 
It is useful to have a depth of about 5 mm, of silicate in the 
reservoir above the column as this helps to avoid clogging with 
some samples. 

Riboflavin (Vitamin 13,,) 

This vitamin may be estimated: 

(tf) Microbiologic ally y usi ng L act obaalIit s h cl t ct km. T h e p ro d u c - 
tion of lactic acid in a standard basal medium is compared using 
test doses of the material under examination and standard known 
doses of the pure vitamin* 

{b) Chemically. Riboflavin is stable in acid aqueous solution but 
unstable in alkaline solution* In ultra-violet light it gives a strong 
yellow-green fluorescence in neutral solution. Strong reducing 
agents (e.g. stannous chloride or sodium hydrosulphite) reduce it 
to a non-flucrescent compound, but this reaction is reversible and 
atmospheric oxygen can readily restore the riboflavin. 

The assay of riboflavin in biological materials comprises an 
extraction and purification process then the estimation, by measure¬ 
ment of fluorescence, of the riboflavin itself. The method is as 
follows: A portion of sample containing about 30 microgrm* of 
riboflavin is taken and transferred to a 100 mb standard flask. 
Seventy-five ml, of 0*1N sulphuric acid are added and the flask 
heated in a boiling water bath for one hour, agitating thoroughly 
from time to time. After cooling to room temperature the pH is 
adjusted to 4 5-5 0 with either dilute sulphuric acid or 30 per cent 
sodium acetate solution (using bromo-cresol-green indicator), 
5 mb freshly prepared 10 percent aqueous Taka-diastase solution 
added and the flask is incubated at 45-50 C. for one hour* At 
the end of one hour the flask is cooled to room temperature, 3 ml. 
°f 4 per cent potassium permanganate solution are added, then 
after one minute 3 ml* of 3 per cent hydrogen peroxide solution are 
added and the flask well shaken. When frothing ceases the flask is 
made to volume with water, well mixed and filtered. 

Twenty-five ml. of filtrate containing about 8 microgrm* ribo¬ 
flavin are passed through a prepared adsorption column of fullers" 
earth and washed with 2 portions of 15 ml. water, filtrate and 
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washings being discarded. The column is eluted with 25 ml of a 
20 per cent solution of pyridine in 2 per cent acetic acid and 
eluate collected in a 50 ml. standard flask. Further portions of the 
pyridine acetic acid solution are passed down the column and 
collected in the standard flask to a volume of 40-50 ml. and the 
flask made finally to volume with the same solution. 

The adsorption columns are of approximately 16 cm, overall 
length. At the top is a reservoir 5 cm. long holding 75 ml. which 
narrows smoothly to a tube of uniform bore, 1 cm. diameter and 
10 cm. long. At the bottom the tube narrows to a fine jet which 
delivers about 1 ml. per min. when the tube is full of water. 
For use a small plug of glass wool is put over the outlet jet and the 
column filled with water and 60-80-mesh fullers' earth dropped 
in so that the column is filled uniformly and the solids extend 
about 5 mm. into the reservoir. The column is washed with 
25 mb of 2 per cent acetic acid solution followed by 20 ml. of 
water. 

Three matched cells are taken. Into A are placed 10 ml. of a 
standard quinine sulphate solution (concentration 0-2 parts per 
million of quinine sulphate in 0-1N sulphuric acid) and this, placed 
in the fluorimeter, is used to set the galvanometer. Into R are placed 
10 ml. of eluate, into C, 1 ml. standard riboflavin solution (con¬ 
centration 1 microgrm. riboflavin per I ml, solution) followed 
by 10 ml. eluate with mixing. The fluorescences of B and C 
are measured. To B about 5 milligrm. sodium hydrosulphite are 
added, and after mixing, the remaining fluorescence, R, is measured. 

B-R 1 

The riboflavin m the eluate is then calculated as jq 

microgrm, per ml, and from the eluate to the sample according 
to the dilution factors. 

Nicotinic Acid (and Nicotinamide) 

Thb factor may be estimated by either of two methods; 

(а) MicrobiologiesIly, using Lactobacillus arabinasus 17/5. 

(б) Chemically, using a colorimetric method. The colour which 
is produced by the reaction of nicotinic acid (or amide) with 
cyanogen bromide and p-amino acetophenone or methyl-p-ammo 
phenol sulphate (metol) is compared with standards made from 
known amounts of the pure vitamin(10). 
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Several microbiological methods are available for the estimation 
of other members of the Vitamin B Complex. 

Pantothenic acid may be estimated using Lactobacillus Helvetica s 
or L. arahinoms as test organism. 

Pyridoxin is estimated using Neurospora sitophila. 

Biotin has been assayed using L, arabinasus* 
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CHAPTER X 


ASSIMILATION BY YEASTS OF ORGANIC NON-SUGAR 
SUBSTANCES AS SOURCES OF CARBON 

I T has been found that the addition to the growth medium of 
various organic non-sugar substances can increase the yeast 
yield very considerably over that obtained from the fermentable 
sugar present. Thus, when ethyl alcohol, pyruvic acid, or lactic 
acid and lactates are added to such a medium in the presence of 
adequate nutrilite factors, the yeast readily assimilates part of the 
carbon of these compounds to form new cellular material. 
Similarly, the addition of amino acids such as asparagine, aspartic 
acid, and glutamic acid considerably increases the yield of yeast, 
due to assimilation of the amino acids as sources of carbon as well 
as of nitrogen. It has also been shown that yeast under conditions 
of vigorous aeration can assimilate from molasses a considerable 
amount of organic substances additional to the fermentable sugars 
present. It seems likely that up to 9 per cent of the yeast produced 
commercially may be derived from carbon-containing substances 
other than fermentable sugars. 

Experimental 

Assimilation of ethyl alcohol and pyruvic acid 

Yeast was grown under conditions of intense aeration in a long, 
narrow tube, aeration being provided through a ceramic block. 
The working volume was 1000 mb, and sugar wort was fed 
incrementally from a burette. The amounts of sugar, inorganic 
salts, nutrilites, etc,, used were as given in nutrilite estimation 
methods. (See Chapter IX, page 104,) Ethyl alcohol and pyruvic 
acid were added in solution along with the sugar; the nutrilites 
supplied were biotin, pantothenic acid and inositol, and the 
inorganic salts provided nitrogen, phosphate, potassium, calcium, 
magnesium, and iron. T he results obtained from these experiments 
are shown in Table 20. Ethyl alcohol was added (experiments^- 
and 3) to give a concentration of 4 per cent (by volume) in the 
final wort; it w as found that evaporation was so high at the aeration 
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rate employed that a high rate of addition of alcohol was necessary 
to obtain a sufficiently high alcohol concentration for a positive 
result. On the other hand, increase in the ethyl alcohol concen¬ 
tration above 4 per cent resulted in decreased yields. Pyruvic acid 
was added (experiments 4 and 5) in an amount equal to that of the 
sugar used. It will be observed that the assimilation of ethyl 
alcohol and of pyruvic acid can take place to a limited extent in the 
absence of sugar. 



Table 20 

Use of Ethyl Alcohol and of Pyruvic Add by 
as Sources of Carbon 

Yeast 



Yield of yeast * 

Expt. 

Carbon sources supplied 

per cent of sugar 
{as invert) 

1 

Control; sufjar only added 

160 

2 

Ivtbvl alcohol added incrementally with the 



i sugar 

360 

3 

No sugar added; ethyl alcohol added inert?- 



mentally' 

35 f 

4 

Pyruvic acid added incremental!v with the sutfar 

260 

S 

No sugar added; pyruvic acid added mere- 



mentally 

641 


* 27% dry matter basis. 

t Calculated* for comparison, on same basis as experiments where sugar was 
provided* 


Assimilation of asparagine and of aspartic acid 

Experiments similar to those above were carried out with these 
amino acids which were added in solution incrementally along 
with the sugar, precautions being taken to maintain the pH at a 
steady value. The enhanced yields obtained are indicated in 
Table 21, the results quoted being typical of many showing the 
stimulatory effect of amino acids on yield. It should be noted that 
the differences in yield between the control experiments in this 
series and those of Tabic 20 were due to the use of lactate buffer 
in the second series (Table 21). This is discussed later, 

The influence of amino adds was also demonstrated by adding 
increasing quantities (<?,£. of asparagine) to small quantities of the 
standard assimilation medium in which all the sugar was included 
at the start of the brew; the seeding rate was very small. Similar 
conditions were used in the assay of nutrilites. (See Chapter IX.) 
The yield of yeast obtained from 50 grm. of sucrose, under the 
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Table 21 

Use of Asparagine and of Aspartic Acid by Yeast 
as Sources of Carbon 


Expt. 

Carbon sources supplied 

Yield of 

per cen t of sugar 
(as invert) 

1 

Control; sugar onlv added 

212 

2 

DL-aspnragine added* 

356 

3 

DL-aspartic acid added* 

289 


* Weight equal to that of sugar used, 
f 27% dry matter basis. 


standard conditions described, using 1 microgtm of biotin and a 
sufficiency of pantothenic acid and inositol, was 19-3 grm* Suc¬ 
cessive additions of asparagine considerably increased the yield, 
as is shown in Table 22* Very similar figures have been found as a 
result of adding aspartic acid, whilst in experiments using glutamic 
acid the addition of 1 grm. of this acid resulted in the production 
of an extra 1-7 grm. of yeast. 


Tabi_e 22 

Enhancement of Yeast Yield by Increasing Addition of Asparagine 


UL-asparagtne added 
to standard 
assimilation medium 
f grtn.) 

Final yield of yeast 
(grm. f calculated to 
27% dry matter 
bash) 

0 

19-3 

1 

202 

2 

2L8 

3 

254 

4 

29'G 

S 

32 l 5 


The increases in yield obtained in these experiments must be 
attributed to the assimilation of the amino acids as such by the 
grooving yeast, the carbon skeletons of these adds actually being 
used in the synthesis of cell substance, F, Ehrlich(l) and L* H. 
Stickland(2), did not take such a possibility into account in the 
mechanisms which they proposed to explain the breaking down of 
amino acids by micro-organisms. R. S* W. Thorne(3), however, 
has recently propounded the theory of direct assimilation of amino 
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acids. The likelihood of direct assimilation of amino acids by 
yeast under conditions of vigorous aeration had been reported 
previously by White(4), (See Chapter II,) 

If all the carbon of asparagine were assimilable by yeast, 1 grm. 
of the acid (0*363 grin, of carbon) would give 0*77 grm. of yeast 
dry matter (carbon content 47 per cent). Under the conditions 
reported above, the addition of 1 grm. of asparagine yielded an 
additional 2*7 grm, of yeast (27 per cent dry matter}, that is, 
0-729 grm. of yeast dry matter. 

The assimilation of asparagine and aspartic acid appears to take 
place only when the yeast is at the same time supplied with fer¬ 
mentable sugars (probably as sources of energy to enable the 
assimilative mechanisms to proceed). Assimilation of the two 
amino acids and subsequent yeast growth can, however, take place 
when biotin is deficient. Under these conditions, for example, it has 
been found that an addition of 0-5 grm. of asparagine increases the 
yeast yield by approximately 1-2 grm, (at 27 per cent dry matter). 

Recent work has suggested that bacterial cell substances may 
be synthesised from sugars and ammonia in the following way (5, 
6). Pyruvic acid (from normal fermentative breakdown of 
hexose) combines with carbon dioxide to form oxalacetic acid; 
this then combines with ammonia to form aspartic acid, which is 
then presumed to form the basis for protein structure of the 
bacterial cell. Biotin is stated to catalyse this chain of reactions. It 
may be that the assimilation of aspartic acid (or of its amide, 
asparagine) is a special example of amino acid assimilation. If 
the above assimilation scheme should hold for yeast, it might be 
presumed that aspartic acid or asparagine would be true inter¬ 
mediates in cell synthesis. 

Assimilation of lactic acid and lactates 

Lactic acid and lactates have been found to be assimilated by 
yeast under conditions of good aeration, In similar exponentially- 
fed assimilation experiments to those reported above it was found 
that yields of yeast of HG-160 per cent on sugar were obtained in 
synthetic media containing the necessary salts and nutrilites. The 
yield was increased to 220-240 per cent on addition of lactate buffer 
(a mixture of 800 ml, of 50 per cent potassium lactate solution and 
75 mb of A.R. lactic acid), Chemical tests showed that the lactate 
had largely disappeared from solution at the end of the assimilation 
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period. Lactates were assimilated by yeast even after fermentable 
sugars had disappeared from solution. 

Practical significance 

In regard to ethyl alcohol assimilation, it has often been ob¬ 
served in, }east-factory practice that a highly aerated yeast brew 
directly seeded with the contents of a seeding yeast vessel contain¬ 
ing a proportion of ethyl alcohol (e.g. having been grown under 
conditions of poor aeration), invariably gives a far higher yield of 
yeast than does a similar brew seeded with washed yeast from a 
similar source, A proportion of the increase in yield would appear 
to be due to the alcohol provided to the yeast from the seeding 
wort.* 

Lactates are often added to grain wort mashes and, indeed, for 
technical reasons, some grain yeast processes have used lactic 
souring deliberately to encourage the production of lactic acid in 
the wort. Such worts, rich in lactates, have a nutritional value in 
excess of that indicated by the sugar content. 

Amino acids occur to a considerable extent in grain worts and in 
beet molasses and will thus be carbon sources additional to those 
provided by the fermentable carbohydrate. Beet molasses is the 
principal source of raw material for modern yeast making pro¬ 
cesses. The amino nitrogen content of such molasses (as deter¬ 
mined by the van Slyke method) can be as high as 0-3 per cent, 
and it appears that some beet molasses may contain up to 2-3 per 
cent of amino acids; beet molasses is rich in asparagine, aspartic 
acid, and glutamic acid. 

Assimilable non-sugar carbon compounds in beet molasses 

It follows that there is assimilable carbon present in this 
molasses additional to that provided by the fermentable sugars. 
To investigate this point in the first instance, the fermentable sugar 
was fermented away under quiescent conditions (he- without 

* Use of cheap ethyl alcohol as raw material for yeast manufacture has now 
been tried commercially in Australia. "Much of the yeast produced in that 
country is made by the Deloffre procedure in which the culture yeast is produced 
in about 30 per cent yield in alcoholic fermentation. When this stage is finished 
and without centrifuging, the yeast and alcohol suspension is diluted and molasses 
is then added incrementally with vigorous aeration. In this way sugar and alcohol 
are used simultaneously for yeast growth. This procedure is stated to produce 
yeast with minimal infection. Yield is stated to be about 200 per cent on total 
sugar.” (Personal communication to the author from fng, S.A. Darsin. fer¬ 
ment os, Buenos Aires, Argentina.) 
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aeration) until chemical tests showed that all the sugar had gone* 
The wort was then filtered free from yeast and perfectly bright, 
the alcohol was boiled off, and the resultant “fermented yeast- 
free wash” w r as added in increasing amounts to experimental 
assimilation media using conditions giving maximum yield. The 
results (Table 23) showed that the normal maximum yield of 
210 per cent on sugar was steadily increased by the addition of 
fermented yeast-free wash. This was indicative of assimilable 
material being added to the brew in the fermented wash. The 
point was further proved by adding the wash to assimilation mix¬ 
tures in which no sugar was used, so that any growth would be due 
to the provision of assimilable material in the wash. Such experi¬ 
ments showed that considerable yeast growth can take place 
without any sugar being present. 

Carbon-balance estimations 

Further evidence w r as obtained by a careful analysis of all 
sources of carbon entering and leaving the assimilation media, the 
figures quoted being actually determined on the raw materials used, 
A selection of typical figures obtained is given in Table 23, from 
which the following conclusions can be drawn: 

(a) When no sugar whatsoever w r as used, but the sugar-free and 
yeast-free wash from 1000 grm. of initial molasses was added 
(No. 5), a yield of 84 grm. of yeast was obtained, representing a 
yield of 16-8 per cent calculated on the standard amount of sugar 
(as invert) used in the other experiments. This demonstrated that 
the w r ash, although not containing sugar, did indeed contain 
materials which provided carbon for the growing yeast {10-4 grm. 
of carbon). Initially, the yeast-free wash contained 94*6 grm. of 
carbon. After the vigorous assimilation process only 75-7 grm, 
were left in the final separated spent wort, 10 4 grm. had been 
used to form yeast substance, and the balance had been lost from 
the system as “volatile carbon”, that is, as carbon dioxide, ethyl 
alcohol, etc. It should be emphasised that the initial destruction 
of fermentable sugar in the molasses to produce the sugar-free 
wash had been carried out under very quiescent conditions, and 
that very little assimilable matter apart from sugar had been 
removed. This is further shown thus: 1000 grm. of the initial 
molasses contained 296 grm. of carbon; deducting from this 
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Table 23 

Laboratory Assimilations and Carbon Balance Figures 
Sugar fas invert) 500 grm.; seed ycsist 250 grm. 
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200 grm. representing the carbon of the fermentable sugar, there 
remains a balance representing carbon from other substances of 
96-0 grm, In a particular experiment the carbon left after filtering 
off the yeast crop and boiling away the alcohol was 93 0 grm., 
showing a loss of 3 grm,, or approximately 3*1 per cent of the 
initial carbon from sources other than fermentable sugar. 

(&) When varying quantities of the yeast-free wash were added 
to experiments employing synthetic wort, the final yield of yeast 
increased regularly with increasing additions of wash ('Fable 23). 
Thus, the increase in yield from 4000 grm. of molasses was 58 per 
cent. The distribution of the carbon added in the fermented wash 
as carbon forming new yeast, volatile carbon, and carbon remaining 
unassimilated in the final separated spent liquor follows a regular 
pattern, and there is little room for doubt that out of the 93 grm. 
of non-sugar carbon added from 1000 grm, of molasses, about 
75-76 grm, were entirely imassimilable and the balance was 
assimilable by the yeast, being transformed into carbon in new 
yeast substance (approximately 10 grm.) and volatile carbon 
(7-8 grm.), Previous experiments having shown that amino acids 
are not assimilated without simultaneous breakdown of carbo¬ 
hydrates, it appears probable that the fermented wash contains 
carbohydrate-type substances which are broken down by the yeast 
under conditions of vigorous aeration. 

Variations in molasses samples 

Using the methods outlined above, several samples of beet 
molasses were examined. With the values similarly corrected in 
each case for purposes of comparison to a standard molasses of 
50 per cent invert sugar content, the total carbon ranged from 
26 to 31 per cent on the molasses, whence it follows that 6-11 per 
cent was non-sugar carbon. Of the non-sugar carbon, approxi¬ 
mately 1/12-1/9 went to form new yeast substance, and the yield 
of yeast (27 per cent dry matter; 47 per cent carbon on dry matter) 
from this non-sugar carbon was 4-9 per cent on the weight of 
molasses, or 8-18 per cent calculated in respect of the sugar 
content. 

In the previously described methods for estimating biotin in 
natural brewing materials {see Chapter IX, page 109), a small 
control estimation must in some cases be carried out to allow for 
non-sugar assimilable carbon in the test material. It may be 
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noted that similar results have been reported by P. N, Agarwal 
and W. H* Peterson (7). 


Summary 

(1) Ethyl alcohol, pyruvic acid, lactic acid and lactates, aspara¬ 
gine and aspartic acid* and glutamic acid can all be assimilated by 
yeast under conditions of vigorous aeration, part at least of the 
carbon of these substances being transformed into yeast cell 
substance. 

(2) Some of the above substances can exist naturally in grain 
wort or in beet molasses. The assimilable carbon in these materials, 
therefore, is greater than would be deduced from their content of 
fermentable sugars. 

(3) Practical tests with beet molasses have demonstrated that, 
of the total yeast yield obtained from this material, 4-9 per cent on 
weight of molasses (or 8-18 per cent on fermentable sugar) is 
derived from organic compounds other than fermentable sugars. 
A considerable portion of this assimilable fraction consists of 
amino adds, but it appears likely that other substances of carbo¬ 
hydrate type are also present in this fraction*. 
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CHAPTER XI 


A SURVEY OF METHODS FOR THE DETERMINATION 

OF YEAST QUANTITY 


T he present chapter is an attempt to bring together the 
methods which may be used for the determination of yeast 
quantity and to demonstrate when these methods can best be used 
in the brewery and yeast factory, together with comments on, the 
relative accuracy and usefulness of the individual methods, In 
1936 I home and Ihshop(l) gave a very lull and excellent account 
of various turbidometric methods which they had developed for 
estimation of yeast quantity, Since the publication of this paper, 
the turbidometric methods for yeast estimation have been much 
in vogue. For very rapid determination of yeast, particularly in 
yeast growth research work, this type of determination stands quite 
supreme—dozens of tests can be carried out by a simile oDerator 
in a very short time. 

For certain other kinds of work, however, these methods of 
determination are not sufficiently accurate. This is particularly the 
case in large scale operation of yeast factories, and in accurate 
research work on yeast growth and yield in commercial and experi¬ 
mental fermentations, for these purposes it is necessary to be 
able to estimate yeast yield to a high degree of accuracy and also 
to estimate yeast quantity in terms of actual “handl’eable” or 
"saleable” yeast. For such purposes the author and Mont¬ 
gomery (2) have published a new method for yeast quantity deter¬ 
mination by a viscometric method (1946). Various other methods 
of considerable accuracy which can he used in connection with the 
estimation of yeast quantity by dry matter estimation procedures 
are described below. In working with any method of yeast 
estimation there is always one question to ask: namely, “What is 
being estimated by this method?" Since the answers can vary 
considerably, the whole question will be discussed in detail. 

What is “yeast quantity”? 

As 1 home and Bishop have pointed out, “It is fundamental to 
any discussion of the measurement of yeast or its activities to 
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enquire exactly what is meant by the idea of ‘yeast quantity’." 
Thus, the brewer might reasonably argue that yeast quantity 
should be judged by the amount of yeast which ferments a definite 
quantity of sugar in a definite time, and the baker, in his turn, 
might regard yeast quantity in terms of the amount of yeast 
necessary to raise a standard quantity of dough to a definite 
total volume in a certain definite period of time* From the 
scientist s point of view, however, the idea of yeast quantity may 
be narrowed to a consideration of one single determinable 
property of the yeast which can be measured with accuracy, 
and which (again to quote Thorne and Bishop) “must be 
regarded as satisfactory provided that it gives reproducible 
results „ Thus* properties which may be used in this connection 
include: 

(#) Analytical values for prominent inorganic or organic yeast 
constituents [e>g* nitrogen (protein), phosphate, carbon, sterols, 
nucleic acid, glycogen, etc.]* 

(£) Analytical values for enzyme content. 

(r) Cell counts. 

(d) Cell volume estimation (viscometric methods), 

(e) Dry-matter content. 

(/) Absorption of light by the yeast. 

It is necessary, however, when using any of the properties 
enumerated, to know precisely what tile estimation of that parti¬ 
cular property signifies. For this reason the value of an estimation 
involving any one particular property may depend on two factors; 
first, the degree of accuracy of the estimation and, second, the 
degree of variability in yeast of the property estimated. The 
invertase content of a yeast, for example, may be estimated 
accurately, but the invertase content of yeasts, even those manu¬ 
factured from day to day by similar processes, may be liable 
to considerable variation. Consequently, estimation of inver¬ 
tase present in a yeast paste or suspension can have only an 
approximate relation to the amount of yeast present in the test 
material. 

With these considerations in mind, therefore, the various 
methods of estimation can be examined in detail and their degrees 
of usefulness assessed. 
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Chemical methods involving the estimation of prominent 

Inorganic and organic yeast constituents and enzymes 

These methods are of limited application only and it would he 
unwise to discuss them in other than very general terms. For 
example, yeast quantity might, on occasion, be judged by the total 
carbon, or nitrogen, or phosphorus present in a yeast cake, and if 
there is any value m the adoption of such a procedure, the actual 
analytical operations are, of course, straightforward, and can be 
carried out by recognised methods. In the operation of a standar¬ 
dised process for yeast estimation it is often found that the carbon, 
nitrogen, and phosphate content of yeast (calculated on the dry 
matter of the yeast) can remain remarkably constant over a long 
period of time. Under these circumstances estimation of one or 
other (or a combination) of these elements will furnish quite useful 
presumptive information of yeast quantity present. Such methods 
are particularly useful for analytical work on yeast-containing 
foods. Other prominent constituents of limited use in this way 
include the sterols (e,£, ergosterol), nucleic acid, and glycogen. 
Enzymes which may be estimated include invertase, the zymase 
Complex, catalase, and proteinase. The estimation of the first 
mentioned of these enzymes can be very easily carried out by the 
determination of the inversion of a standard sucrose solution, 
under standard conditions. The enzyme content of yeasts pre¬ 
pared in a standardised yeast process is often reasonably constant, 
although large fluctuations may sometimes occur. 

Sometimes yeast is produced for use as an inverting agent (e,g. 
for use in the confectioner)' industry' in the preparation of soft 
“fondant”) and the invertase content of such yeasts is a direct 
guide to the useful quantity of yeast produced (judged from a 
selling point of view). 


Methods involving cell counts by microscopic and platings 
out methods 

(o) Visual counting of cell numbers in the haemacytometer or 
counting chamber. This method is too well-known to need detailed 
description. It consists simply of counting the yeast cells in a 
small volume of the yeast-containing liquid in a suitable counting 
chamber {e.g, the Thoma haemacytometer). The method gives 
the number of cells present and from an estimation of the number 
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of cells per gram of yeast by the same method the yeast weight 
present in a definite volume of yeast suspension can be calculated. 
The method has several: disadvantages; 

(1) It is slow and cumbersome and considerable practice is 
needed to yield reproducible results, 

(2) Even in the hands of an experienced operator the accuracy 

of the method Is oiten poor. (Reasonable error is at least + 5 per 
cent,) 


(3) There is no differentiation of cell size by this method, and 
a >east with irregular-sized cells will yield irregular results, 

(4) Yeasts infected with bacteria often tend to aggregate into 
clumps of cells, and such yeasts give very erratic results when cells 
are counted, 


1 he method is useless as a principal method for yeast weight 
estimation in a yeast factory', but has some use for determining 
yeast losses when very large volumes of liquids containing traces 
of yeast are examined. In yeast separation processes, for example, 
where thousands of gallons of effluent are being considered, such 
a method for a computation of losses has a definite value, 

(5) Estimation of cell numbers by plating-out. Like the haemacy- 
tometer method, plating-out is of limited value in day-to-day 
manufacturing practice* The principle of the method is as follows: 
A dilution of the yeast suspension to be tested is made in Ringer s 
physiological salt solution and 1 ml, is plated out in the standard 
bacteriological manner (usually in triplicate at least) on a nutrient 
agar medium containing about 5 per cent sucrose (or maltose, or 
invert sugar* or a mixture of these sugars)* Each living cell will 
manifest itself, alter suitable incubation, as a separate colony and 
the colonies are counted by eye. The total number of living cells 
in the 1 mb inoculum is thus deduced from the average number 
of colonies on the several plates* 

Disadvantages of plating-out are several: 

(1) It is a slow method, and at’least 24 (and often 48) hours' 
incubation is necessary before the plates can be counted* 

(2) Coalescence of two or more yeast cells will yield only one 
colony* This error is of only small importance, however, if the 
yeast is well dispersed in Ringer's saline solution before plating. 
Heavily-infected yeast often aggregates too badly to get good plate 
counts* 
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(3) Only living cells are enumerated by this method. If the 
count of total cells is needed, a separate microscopic examination 
of the yeast is necessary to determine the ratio of living to dead 
cells by the methylene blue method. 

(4) Irregularity in cell size with the resulting inaccuracies always 
has to be contended with in this type of experiment. 

There are also some distinct advantages to plating-out: 

(!) It is perhaps the best method for determination of the num¬ 
ber of cells in unit quantity of yeast. 

(2) It is quicker to carry out the practical work involved (pro¬ 
vided that the media and equipment of an elementary' bacterio¬ 
logical laboratory are available) than to carry out the tedious 
haemacytometer cell counting method. 

(3) The results obtained by the method tend to be a little more 
consistent than haemacytometer methods, though the degree of 
error is only slightly less, 

(4) It is a useful method for counting the number of living cells 
in any yeast preparation or yeast-containing material. 

Filtration methods followed by weighing 

A considerable variety of procedures exists for yeast estimation 
by filtration and weighing. There are two methods of approach: 

(a) Filtering the yeast from suspension in some suitable way 
and weighing direct. 

(t) Filtering off the yeast and making a determination of dry 
matter upon the whole of the yeast or, more usually, upon an 
aliquot portion of the yeast. 

Use of Gooch and sintered glass crucibles 

For certain purposes it may be advantageous to employ filtration 
through asbestos in a Gooch crucible or through a sintered glass 
crucible, though these methods have limitations, A small quantity 
of the yeast suspension is run into the previously-prepared Gooch 
or sintered glass crucible, using suction. Both types of crucibles 
are held by an adapter in a Buchner filter-flask—a technique so 
commonplace in the laboratory as to warrant no description here. 
The yeast is held back by the fine asbestos pad in the Gooch 
crucible, or on the sintered plate of the all-glass filter, and can be 
washed free from wort in any desired way. 
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A Gooch asbestos pad* if well packed and made fairly thick, 
usually holds yeast cells quite satisfactorily. To obtain repro¬ 
ducible results from the method it is necessary to weigh the yeast 
as dry matter, as direct weighings of a Gooch crucible before and 
after filtration never yield concordant results. 

The porosity of a sintered glass crucible suitable ior yeast 
filirations must first be selected (e.g. Jena LG,4, Thorne and 
Bishop, loc. ciL). The yeast can be drained away from the wort 
and washed suitably with these crucibles. Very poor agreement 
of duplicate determinations has been found by weighing the filter 
plus yeast direct, probably because of the difficulty of draining the 
plate of the filter to the same extent with and without yeast. The 
filter must be placed in the oven and dried, and the yeast weighed 
as dry matter for satisfactory agreement to be obtained. 

This procedure works quite satisfactorily for several deter¬ 
minations with a good glass filter* but after some use the drying 
of the yeast tends to scale off layers of the sintered glass in contact 
with the yeast and this limits the life of the filter, I he method 
thus has its limitations, but it can be very useful under certain 
circumstances—for example, in research problems where quite 
small quantities of wort are available for analysis. 

Suction filtration methods using paper filtration 

Filtration of yeast suspensions on a Buchner filter is useful and 
convenient in the day-to-day control work in a yeast factory. In 
all such methods it is essential to have available a filter-paper 
capable of withstanding considerable vacuum, and of allowing t e 
yeast to be scraped or peeled cleanly from it without contamination 
with paper, Whatman filter paper No, 50 satisfies these require¬ 
The suction filtration methods are mainly useful for the follow¬ 
ing purposes; 

(1) For filtering off yeast from thick yeast suspensions (yeast 
“creams”). For example, to determine the amount of yeast in a 
yeast cream, a measured volume of the cream is filtered on the 
paper held in a Buchner funnel of suitable size and employing the 
best vacuum attainable by means of an ordinary water suction 
pump- In this way about 500 ml, of a yeast cream containing 
up to 300 grm. of yeast may be filtered on an 18-5 cm, diameter 
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filter-paper in about 5 minutes, leaving behind a solid cake of yeast. 
In such estimations, several methods of statement of the yeast 
quantity present may be used, 

(а) Weight of the cake after a standard method and duration of 
filtration, using a standard vacuum. 

(б) Estimating the consistency of the cake of yeast and express¬ 
ing the quantity of yeast of "standard consistency 11 present in it 
(see below), 

(c) Estimating the dry matter present in an aliquot portion of 
the cake by a suitable method (see below). 

(2) For estimation of the yeast quantity present at various stages 
of a commercial or laboratory fermentation, Jn this case a good 
method of determination of yeast quantity (by estimating as dry 
matter), is as follows: A small size Whatman No* 50 paper is dried 
to constant weight at 102°C, in a hot-air oven; usually about one 
hour's drying is sufficient. After weighing, the paper is wetted 
and placed on a Buchner funnel and an accurately measured 
volume (up to 100 ml.) of the yeast suspension (fermenting wort, 
etc,) is filtered, using a high vacuum, until the filtrate is completely 
bright. Sufficient yeast suspension is used to give about 0-2=05 
grin, of dry matter, 

The yeast cake is then washed free from wort in a way which the 
operator must standardise to suit his own requirements; usually 
two washings with 20 ml of water are sufficient for this purpose. 
The cake is sucked quite dry (until it cracks) and paper and yeast 
are then carefully removed and placed on a glass or enamel plate 
in the drying oven and dried to constant weight at 102°C. The 
paper and dry yeast are then placed in a desiccator to cool (over 
anhydrous calcium chloride). The yeast dry substance weight is 
obtained by subtracting the weight of the filter-paper after weigh¬ 
ing the cooled dry yeast and paper. 

This method is rapid and is very useful in plant control and 
experimental work, With care, it is accurate to at least 1 per cent. 
It does not, of course, take into consideration differences in yeast- 
cell water relations. 

Pressure filtration methods 

These methods employ medium air pressures to hasten the 
filtration of yeast from a suspension through a filter-paper. A 
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small air compressor can be used to deliver air at 50-70 lb, per 
sq, in. into the pressure filter, which consists of a cylindrical vessel 
of 4 or 5 litres capacity fitted with an air-tight, detachable,, 
perforated plate and washer to carry the filter-paper* Cylinders 
of compressed air may be used for this purpose if an air compressor 
is not available. After filtration, the cake is washed on the filter. 
Yeast may then be estimated as dry matter (carrying out a dry 
matter estimation on an aliquot portion of the cake), or as yeast 
of standard consistency* The accuracy of this method can be as 
close as ± 05 per cent by careful working. 

Pressure filtration has the great advantage that filtration of 
volumes up to 1 litre can be carried out very quickly, and ferment¬ 
ing wort with a high-yeast content ( e.g . up to 100 gnru of yeast 
per litre), containing anti-frothing oil, unseparated molasses, or 
grain colloids, can normally be filtered in a few minutes. This is 
much faster than Buchner filtration, especially for filtration of 
large volumes. 


The viscometric method 

This is the only method capable of giving a direct determination 
of yeast quantity in terms of the amount of yeast ol a standard 
consistency present in a suspension. Such a consideration is 
especially useful in a yeast factory where dry-matter estimations* 
although of very great value, do not take into account differences 
in yeast-cell water relations. The method has been reported full) 
elsewhere(2), but essentially it consists of the following steps: 


(a) An accurately measured volume of the yeast suspension is 
filtered by suction or pressure filtration, washed as required, and 

the yeast cake is weighed, , 

({■) The consistency of the yeast cake obtained is determined by 
the use of a viscometer. The viscometer used is a micro-adapta¬ 
tion of the large instrument used for the determination of yeast 
consistency, shown in Fig. 31 * The instrument is standardised 
by the use of a yeast which is arbitrarily chosen as of "standard 
consistency, The question of the use of viscometric methods 


* A 


micro-type instrument can easily be made to hold -30->0 
suspension. The instrument used in the work described here held 35 / m 
was* 150 mm, overall length and 18 mm diameter. The outflow nwsle 
30 mm. long and 5 mm. internal hore at the top end tapenng to 2 mm. at the 
outflow end! tapering being started half-way down its length. Outflow tim 
with water at 70" I 1 ’, teas Id seconds. 
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for the determination of yeast 
consistency will be discussed in 
Chapter XIL 

For viscometer standardisation, 
quantities of yeast of standard con¬ 
sistency varying from 45 to 60 grm., 
are made to a total weight of 75 
grm, with water. After mixing and 
filtering through fine mesh, stain¬ 
less steel wire gauze, the viscosities 
of the smooth suspensions are de¬ 
termined at 70 s F* in the standard 
instrument. (See Fig, 32.) 

For estimation of yeast quantity, 
a suitable volume of yeast suspen¬ 
sion is filtered and washed. 1 he 
yeast cake is weighed and mixed 
well and 50 grm, of it are made to 
a total weight of 75 grm, with 
water. Viscosity measurement of 
the smooth suspension is made at 
70° F., the temperature at which 
the viscometer was calibrated with 
suspensions of the standard yeast. 

The amount of yeast of standard 
consistency equivalent to the 50 
grm, of yeast taken, is read off the 
calibration curve, and the weight of yeast at standard consis¬ 
tency present in the original volume of yeast suspension is 
calculated from the figure thus obtained. 

The advantages of the viscometric method are several: 
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Fig. 31.— Viscometer for esti¬ 
mation of yeast consistency. 


(1) The yeast present in the supension is estimated as yeast of 
standard consistency, thus eliminating errors due to differences in 
cell-water relations of yeasts when considering results of dry- 
matter estimations. The dry-matter estimation can thus be 
supplemented by this test. 

(2) T he estimation is one of considerable accuracy; ± 0-5 per 
cent can be obtained by careful technique. 

(3) The method can be very rapid and the yield of yeast of a 
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definite consistency from a commercial yeast fermentation can be 
determined m 10-20 min. Thus, the yield from a fermentation 
can be known before the yeast suspension is processed in the 
factory—a consideration of prime practical importances particularly 
useful in determining manufacturing losses due to the processes of 
washing, separating, and filter pressing of the yeast.* 



Fig, 32*—Typical calibration curve for yeast viscometer. 


(4) The method can be used for small quantities of yeast by 
employing a sufficiently small viscometer. 

The viscometric method has the disadvantage that yeasts hea\ ily 
contaminated with bacteria give irregular results (usually too 
high) due to “stickiness” produced in the yeast by products of 
bacterial metabolism, 


* This method always gives larger yields in the fermenter stage than «e 
finally weighed up as finished! yeast, due to process Josses of varying kinds n _ 
can amount to as much as 5 per cent. Such losses include 
together with losses of soluble cell materials and foreign matter washed 

from the yeast celts. 
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Methods involving the use of a centrifuge 

A measured volume of yeast suspension can be centrifuged for 
a standard time and the height of yeast in a standard tube can be 
read off directly, the yeast quantity being determined by com¬ 
parison with standards obtained by centrifuging suspensions of 
known yeast concentration in a similar way. Such methods may 
be quite useful as a very rapid guide to yeast quantity present in a 
suspension but, at best, will serve only as a very inaccurate guide, 
accuracy being of the order of ± 10 per cent. This is due mainly 
to the fact that deposition of a yeast layer by centrifuging depends 
On several factors, including the relative densities of yeast cells 
and wort, Gas production will also give an irregular yeast layer 
in the tube. 

Use of a centrifuge, however, can be of great help in settling out 
the yeast from suspensions which biter with difficulty. The yeast 
layer can often be washed in the centrifuge and the estimation 
completed by dry-matter determination. 

Turbidity measurements 

These methods have been dealt with adequately in the paper 
by Thorne and Bishop ( loc . tit.) and little that is useful can be 
added to the experimental procedure or conclusions of that 
excellent paper. Briefly, these methods depend upon the absorption 
or scattering of light by the yeast present in the suspension, and 
any instrument which can measure turbidity may be adapted to 
the determination of yeast by this principle. The instrument is 
calibrated with suspensions of yeast of known concentration, and 
the yeast quantity in the “unknown 1 ’ suspension is determined by 
comparison. In the original paper an accuracy of ^ 5 per cent 
is claimed for this method. Instruments of more recent design 
(e>g. the Spekker photoelectric absorptiometer) probably give a 
greater accuracy than this—sometimes as satisfactory as ± 2 
per cent. 

Turbidometric methods have these advantages: 

(1) Exceptionally rapid determinations of yeast quantity; a large 
number of them can be carried out in a short time. 

(2) Only a small quantity of yeast suspension, containing a 
small amount of yeast, is required, 

(3) The yeast suspension need not be interfered with ( e.g . the 
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yeast need not be filtered off) and the continuity of a fertnfciitation 
can thus be maintained, with yeast determinations being carried 
out at intervals. 

Among the objections to the turbidometric methods are these; 

(1) The degree of accuracy is not good and is often ± 5 per 
cent, making the error too great for the very precise type of 
determination which it is often necessary to have in a yeast 
factory, 

(2) 1 he colour present in a suspension can make deter¬ 
minations very troublesome, although this difficulty is not 
insurmountable* 

(3) Turbidity estimations estimate the diy matter present in a 
yeast suspension without reference to yeast quantity™that is, the 
amount of “intrinsic yeast* 1 (yeast-cell volume) present in the 
suspension* Errors of up to 10 per cent can be produced from this 
consideration alone when comparing yeast-cel I quantity present 
in a suspension against dry matter present* 

Dry-matter estimation in solid yeast 

About T5 grm. of yeast are weighed accurately into a weighed 
moisture dish and dried to constant weight in a hot-air oven. Five 
hours at 102° C* will usually produce constant weight in the sample 
or a similar period in vacuo at 80-90° C. 


Summary 

(1) Chemical methods of determining yeast quantity, depending 
on analysis for a single yeast constituent, have very limited 
application. 

(2) Direct counting of yeast cells is tedious and inaccurate, 
Flating-out methods are accurate for living cell count, but require 
24“4S hr, to get results, 

(3) Filtration and weighing methods using suction or pressure 
are simple, direct, and accuracies as high as ± 0-5 per cent are 
attainable by some of them. 

(4) Viscometric methods are rapid and accurate to ± 0-5 per cent 
and give yields in terms of yeast of “standard consistency'*. 
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(5) Turbidometric methods are very rapid, do not interfere with 
fermentations, but have accuracies of only about ± 5 per cent. 


Note.—S ince this chapter was written, L. Atkin, L Stone, and P, P, Gray have 
discussed the use of the Specific Gravity Gradient I ubo in the estimation of 
yeast quantity(3). Yeast quantity is proportional to specific gravity of a yeast 
suspension and the gravity is determined by an elegant method indicated by 
Linde rstrom-Lang and La rig (4), The Wallerstein paper should be consulted 
for full details, 
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CHAPTER XII 


STRUCTURE AND CONSISTENCY OF YEAST 
Structure of pressed yeast 

T HE question of the structure of pressed yeast has aroused 
considerable debate in the literature during the past twenty- 
five years or so* The consensus has been that, when yeast 
suspension (or “cream* 1 ) is pressed up in a filter-press, the extra¬ 
cellular aqueous phase of the suspension is pressed out leaving the 
solid phase of yeast cells behind, pressed intimately together 
probably as a compact mass of polyhedral cells. This was the 
view expressed by Harman and Oliver(l), Moritz(2), Harden(3), 
and others. Differing, however, from these views were those 
of Beetlestone(4, 5, 6), who held firmly to the opinion that 
in addition to containing a compact mass of cells, a cake of 
pressed yeast contains a very considerable fraction of “extra- 
cellular*' or “interstitial 31 water. This author maintained, for 
example, that a cake of pressed yeast containing 73 per cent 
total water would contain 39-2, per cent of water as extracellular 
water and this would mean that the yeast cell itself would contain, 
on the average, 54 per cent of water and 46 per cent of solid matter. 
The experimental evidence adduced by Beetlestone was, however, 
open to some considerable criticism, and even after the publication 
of his papers the majority view was that there was little or no 
interstitial water in a cake of pressed yeast—that is, almost the 
whole of the total water present in yeast from the filter-press was 
believed to be contained inside the envelopes of the cells con¬ 
stituting the cake. 

The whole question has been critically re-examined by the 
author and Montgomery(10), and the conclusion reached has 
been that neither Beetlestone nor his opponents were entirely 
correct in their respective views—that is, while a cake of com¬ 
pressed yeast contains a considerable quantity of water external 
to the yeast cells, it docs not contain by any means as large 
a quantity as that suggested by Beetlestone. The exact amount 
of extracellular water present does, in fact, depend upon the 
efficiency of the filter-pressing operation and this can give 
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yeasts with relatively great differences in composition, as will 
appear later. 

Yeast consists of a mass of coherent yeast cells together with a 
certain amount of water surrounding the cells and filling the 
spaces between them, The yeast can be considered as a “solid 
phase” or mass of yeast cells distributed amongst a “liquid 
phase”, which consists of the water surrounding the cells (or the 
external water as this phase will be termed). Simple addition of 
water will increase the ‘liquid phase 11 , giving the yeast a softer 
consistency. Water can, in practice, be subtracted from the 
“liquid phase” by high pressure in a filter-press and the yeast 
becomes of drier consistency. The “solid phase” consisting of 
the actual yeast cells is composed of the dry matter of the yeast 
together with all the water which is enclosed within the outer cell 
membrane. This water inside the cells will be termed the internal 
water , 

If, by any means such as plasmolysis, water can be made to 
pass from the solid to the liquid phase, the overall consistency of 
the yeast will be decreased. Again, if water can be made to pass 
from the liquid to the solid phase, the overall consistency will be 
increased and the mass will have the appearance of being drier, 
although the actual total moisture will not have varied. It will 
thus be understood from the above that without any variation in 
total moisture content the consistency (or apparent “dryness” or 
“wetness” of the yeast mass) will be controlled by the relationship 
of internal to external water. Thus, it follow s that the total moisture 
content of the yeast is not a measure of yeast consistency. Practical 
examples of this will be found later in this chapter. 

The whole of the external w ater cannot be removed by pressing. 
Similarly, by drying methods it is not possible to remove all the 
external w r ater and leave the yeast cells, as it is not possible to 
strike a point w r here external water has been removed and no loss 
of internal water has occurred. 

Consider, therefore, the composition of a block of yeast which 
weighs 100 grm, This consists of: 

Dry matter ( = D grm.)* 

Internal water { —I grm.). 

External water (— E grm,). 
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That is, there are (D+/) gran, of yeast cells in the solid phase 
surrounded by a liquid phase of E grm* of uncombined water. 
(Note,—I n bakers' yeast the normal amount of dry matter outside 
the yeast cells is so small as to be neglected.) 

The determination of the moisture content of the yeast will 
give a figure numerically equal to (I+E) per cent. This, however, 
gives no indication of the separate values of 1 or E and it is seen 
that to understand how the water is distributed amongst the two 
phases it is necessary to determine the value of E (the external 
water). The following method of determining the value of E has 
been devised: 

Peptone method for determination of the external water 

content of yeast 

This depends upon the dilution effect given by the external 
water when a measured quantity of a peptone solution of known 
strength is mixed with a known quantity of yeast. The peptone 
solution has very little plasmolytic action upon the yeast, is not 
adsorbed upon the yeast to any appreciable extent under the 
normal conditions of the determination, and is easily estimated 
by nitrogen determination. The strength of the peptone solution 
before and after mixing with the yeast may thus be readily 
determined. 

For this method the "'Oxoid” brand of peptone made by Oxo 
Ltd. (London), was used. As this material was found by experi¬ 
ment to contain a small amount of nitrogenous substances capable 
of diffusing into the yeast cell it was found necessary to eliminate 
these first before use. This was done by making up a solution of 
25 grm* of Peptone in 600 c,c, of water and adding this to a 
yeast cream produced by mixing 1000 grm, of pressed yeast with 
900 c.c. of water. The mixture was allowed to stand overnight 
(16 hours) and then filtered through a No. 50 Whatman paper 
until free from yeast and quite bright. The peptone solution so 
prepared was then ready for use. 

Three hundred grin, of the yeast to be investigated were then 
taken and thoroughly mixed into a smooth cream with 200 c.c. 
of the peptone solution prepared as above. After mixing well* 
the cream was repeatedly filtered through a No. 50 Whatman paper 
upon a perfectly dry Buchner filter until the filtrate was entirely 
free from yeast and perfectly bright. The solution thus prepared 
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represented the original peptone solution diluted quantitatively 
with the external water from the yeast together with a very small 
quantity of water drawn from the inside of the cells by the slight 
osmotic pressure exerted by the peptone solution, (This latter 
could be measured by measuring the difference in weight of 
yeast mixed with pure water and with peptone solution, both 
being filtered into dry cakes upon the Buchner funnel in precisely 
similar ways* The difference was usually found to be in the order 
of 0-4 to 0*7 grm. water per 100 grm, yeast.) It was found that 
the filtrate from the yeast mixed with peptone contained a small 
quantity of nitrogenous material washed away from the yeast in 
this w f ay and this had to be corrected for by extracting 300 grm. 
of yeast with 200 cx» of water, filtering free from yeast and 
determining the nitrogen in the filtrate in terms of N/10 sulphuric 
acid in the normal w r ay, The following determinations by the 
Kjeldahl method were thus carried out: 

(1) Nitrogen in 100 cx, original peptone solution in terms of 

c.c. N/10 (say z cx, N/10 H B S0 4 used)* 

(2) Nitrogen in 100 c.c* peptone solution diluted by the water 
from the yeast (say * ex. N/10 H 2 S0 4 used), 

(3) Nitrogen in 100 cx, “blank” solution (yeast extracted by 
pure water) (say y cx, N/10 Il^SO,; used). 

Then, if E is per cent external water in yeast and c is the small 
correction for the osmotic pressure of the peptone in terms of 
cx* w-ater withdrawn from 100 grm. of yeast (determined as 
above): 

200 _ x-y 

200+3B+3c“ z ' 

■■■ (£-»-*> 

Hence as c , x t y and z are known, E can be calculated. 

Note.— A solution of crystalline egg albumin w’as tried in this 
determination and gave results very similar to those given by the 
peptone at pH above 4-85 (ix, the isoelectric point of the albu- 
min). At pH below this isoelectric point, however, the albumin 
was rapidly adsorbed by the yeast and in this way gave erratic 
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results. The peptone method, however, can be used at pH down 
to 4*0 with no appreciable trouble due to adsorption. 


Results obtained by the peptone method with normal yeast 

It should be noted that the most convenient way of expressing 
the water content of the yeast cell is by giving the ratio between 
Internal Water of the Yeast and the Dry Matter of the Yeast, 
Considering, as before, 100 grm, of any yeast where: 

E = per cent External water in the yeast, 

/ = per cent Internal water in the yeast, 

D = per cent Dry matter in yeast= 100 — (/+£) per cent, 

it is seen that the quantity of yeast cells in the block is given as 
(D+/)grm.=(100-J?)gnn, 

Now the ratio of ^ will always be constant for the same sample 

of yeast although the figure for the external water may be varied 
by addition or subtraction of water to the yeast. Thus the ratio 

^ is the only consistent method of showing the composition of 


the cells contained in a block of yeast. From the ratio ~ the 

percentage composition of the cells alone in terms of water and 
dry matter are calculated. 


The following example shows the full use of the external water 
determination in illustrating the distribution of the total water 
inside and outside the cells. 


Total 

moisture 

(T)% 

Dry 

matter 

(D) % 

External 
water 
(E) % 

Interval 

water 

CD % 

II 

Cell analysis 

D% Water % 

72-5 

27’5 

203 

52-2 

1 B9 

1 

34-6 

65-4 


Now, it has been found, as will be discussed later, that the 
composition of the actual yeast cells is not constant, but is subject to 
variation due to differences in methods of yeast growth and is also 
varied by the conditions outside the cell—for example, acidity, or 
alkalinity, presence of salts, and other factors. 
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Data obtained for the composition of cells of yeast produced 
over a fairly considerable period in an English yeast factory showed 
that, working with the same process and similar materials, the 
yeast cells themselves consisted of approximately 65 per cent water 
plus 35 per cent dry matter on an average of many samples of 
yeast examined.* Some variations, however, were found from 



20 40 so 80 ioo 

Pen Cent Com position of Block of Yeast 

Fig. 33.— Water and dry substance in yeasts of 65 per cent and 
68 per cent internal cell moisture. 


these figures in certain cases and such figures as 68 per cent water 
and 32 per cent dry matter and 62 per cent water and 38 per cent 
dry matter have been recorded. Taking the average figure of 
65 per cent water and 35 per cent dry matter, Fig. 33 shows the 
composition of a range of yeasts, containing from 65 per cent total 
moisture (a yeast drier than anything obtainable by filtration 
practice} up to 80 per cent total moisture (a yeast far too wet for 
packing, and having a mud-like consistency). The normal range 
of total moisture content of pressed-yeast cake obtained by normal 

* Similar figures have been obtained by I Jr Atkin, M. Feimtdn, and P. P h 
Gray (8), and by E. J. Conway and M t Downey (9). 
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filter-pressing of such yeast would be 69-73 per cent moisture and 
a normal packing consistency would contain 73-73-S per cent 
moisture. Fig. 33 and Table 24 illustrate how much of this total 
moisture is external to the cells, and how much is inside the 
cells, and the percentage of cells contained in the mass is also 
derived. 

It is interesting to compare these figures with those obtained for 
the yeast which consisted of cells with the composition; dry 
matter=32 per cent, plus water—68 per cent, 

It should be noted that in all these instances the dry substance 
in the water surrounding the cells is not taken into account, as it 
is usually small enough to be neglected in such considerations, 

Yeast consistency 

Yeast consistency may be defined as the relative hardness of a 
cake of yeast, the term "hardness'* being used in the sense of 
"crispness” of the cake and its ability to be fractured by gently 
pulling or bending in the fingers. Thus, if a yeast of hard con¬ 
sistency (or dry consistency) is taken it will break very easily when 
subjected to a gentle pull or twist in the fingers of two hands; if, 
however, the yeast consistency is softened by the gradual addition 
of water the yeast will become more putty-like in consistency and, 
instead of giving a sharp “break” by manipulation in the fingers, 
it will tend to twist and stretch before the breaking-point is 
reached. It is obvious, from a consideration of the structure of a 
cake of yeast, why this should be. A yeast cake which is very dry 
{e.g, a cake which has been subjected to considerable pressure for 
a long period of time in a filter-press), contains relatively little 
external moisture and the cells thus have little external phase to 
hold them together. Addition of water will increase the external 
phase and the adhesion of the cells by means of this capillary 
interstitial “binder” will result in a cake which has more rubber¬ 
like properties, the cake becoming more dough-like as the amount 
of external water is increased. Finally, as more water is con¬ 
tinuously added, the dough will pass through a stage in which it is 
definitely glutinous (wdien it will not “break” between the fingers) 
until it becomes a “mud” and finally a definitely fluid suspension, 
from this, therefore, it is clear that yeast consistency is governed 
by the ratio of the volume of cells in the block to the total volume 
of the yeast block. Expressing this in a slightly different way, 
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yeast consistency can be said to be governed by the ratio of the 
weight of the cells in the yeast block to the total weight of the 
block. From this we can deduce the idea of a “consistency ratio” 
of a block of yeast and this may be conveniently expressed as 
follows: 

^ , Weight of yeast cells in yeast block 

Consistency Ratio = — . ° . -=-—- - . r* 

Weight of external water in yeast block 

Table 25 gives consistency ratios for a range of yeasts using the 
data for cake compositions shown in Table 24. Fig. 34 illustrates 



I Normal Variation 
„ Range covered by 
Filter- Pressing of 
Yeast 

■ Bag-packing Consistency 
- Very Wet Consistency 


Fig. 34—Consistency ratio plotted against total moisture for yeasts with 
cells containing 65 per cent and 68 per cent internal water. 


the range of consistency ratios covered by yeasts of various con¬ 
sistencies—for example, yeasts produced by filter- pressing at 
various pressures* yeast suitable for packing, and so on.* 

These figures show that yeasts having the same total moisture 
content may have very different consistencies, and thus explain a 
fact which has for years puzzled yeast technologists. As previously 
stated, cell composition can be varied by variation in methods of 

* These figures should serve to make it quite clear that the dry matter con tent 
of a yeast (or its total moisture content) h not a criterion of yeast consistency 
except when always considering yeasts built of cells which have the same com¬ 
position the same dry matter: internal moisture Tatio). 
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Table 25 


Relationship between Total Moisture and Consistency Ratio for Yeasts with the 
Two Types of Cells whose Composition is outlined in Table 24 


Total Moisture 
Content of Yeast 

Consistency Ratio 
/ Weight of Cells \ 

\ Weight of External Wafer/ 

Yeast (a) 

Cell contains 

35% Dry Matter 
to 65% Water 

Yeast (6) 

Ceil contains 

32% Dry Matter 
to 68 % Water 

65 

Infinity 

— 

6 % 

10-63 

Infinity 

70 

5-99 

15-0 

71 

4‘85 

9-67 

72 

4 0 

7-0 

73 

3-37 

5 4 

74 

2-89 

433 

75 

2-5 

3-57 

80 

1 33 

1-67 


yeast growth, and is particularly affected by conditions external to 
the cell; presence of acids, alkalis and salts is particularly important* 

Other factors, in addition to the cell volume considerations 
mentioned above, have a minor influence upon consistency of 
yeast. Although these are of very small significance, they are 
worthy of mention; 

(а) Presence of infection in the yeast. If a sample of yeast is 
infected with bacteria, the metabolic products of the growth of 
the organisms can> in some circumstances, affect the yeast con¬ 
sistency by surrounding the cells with mucoid substances which 
make the mass “sticky”, These conditions are not found with 
infection-free yeast* Presence of mould mycelia in the yeast will 
also affect the consistency, 

(б) Presence of oil and other foreign matter in the yeast * Yeast 
containing an excess of anti-frothing oil, or contaminated with 
foreign matter from badly separated molasses t can show slight 
variations from the results predictable from considerations of 
consistency ratio, for these can give rise to “stickiness” in the 
yeast. The addition of “plasticisers” also produces effects of this 
nature* 


155 













YEAST TECHNOLOGY 


(f) Size and shape of the eelL Some small variations may be 
expected in the consistencies of yeasts having similar consis¬ 
tency ratios but with considerable differences in cell shape 
and size. These considerations should not* however, affect 
any particular factory working with one strain of yeast and a 
standard process* 

(d) Variation in specific gravity of dry matter of the yeast. A 
large variation in the specific gravity of the yeast dry matter can 
be shown by suitable calculation to give only a small variation in 
yeast consistency ratios, and only very small variations in specific 
gravity of dry matter can be expected in practice, particularly in 
the operation of one particular process. 

Yeast consistency—practical considerations 

The consistency of yeast is a matter of considerable importance 
to the manufacturer of compressed yeast for bakers use. It is of 
obvious importance that the consistency of yeast (as, indeed, of 
any manufactured product) should be standardised so that the 
yeast manufacturer obtains the optimum yield from his process by 
admixing the appropriate quantity of water with his filter-press 
cake yeast to produce a product of standardised “handleable 
consistency for packing into the yeast bags or other containers. 
Similarly, it is satisfactory from the baker’s point of view to be able 
to buy yeast with a consistency to his liking, subject to little varia- 
tion; there is a consistency which most bakers like to obtain, 
wetter or drier than which is unsatisfactor}' from the point of view 
of manipulation and incorporation into the dough, lhus, the 
actual consistency at which yeast is packed has to be decided with 
the above factors in mind. 

In the yeast factory, of course, the yeast from the fermentation, 
after separation and washing, is filter-pressed and the press cake is 
softened by additional water in a mixing machine to produce yeast 
of the necessary packing consistency. The amount of water to be 
used in this mixing process depends upon the dryness of the filter- 
press cake, and very considerable variations in cake dryness can 
be obtained (a fact which is often not sufficiently realised m 
practice). The degree of dryness of the cake depends upon the 
pressure used in the process (this varies from 40 lb. per sq-in- 
upwards to 100 lb. or even more), and the length of time for which 
the pressure is applied. Taking the cell composition figures shown 
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in Table 24 and Fig* 33, for example, press cakes of moisture 
content varying between 69 and 73 per cent are met with. I he 
water necessary to bring such press-cake yeasts to a standard con¬ 
sistency at 73 per cent total moisture may be anywhere from 
0 to 15 lb* per 100 lb* of yeast, a rather large variation, (Use ot 
moisture content consideration here is quite legitimate as yeasts 
with cells of constant composition are being considered.) from 
the above it can be seen that large variations in yeast consistency 
could result from uncontrolled mixing of pressed-yeast cake 
with water, and obviously a rapid method for determination 
of yeast consistency is very desirable. Such a test is described 

below(lQ). 

Principle of the viscometric method for determination of 

yeast consistency 

It has already been shown that the consistency of yeast depends 
upon the effective volume of yeast cells contained in the yeast 
block compared with the total volume ot the mass. Suppose, 
therefore, that a yeast is taken which it has been decided is to be 
the standard consistency yeast upon which all the output of a 
factory' is to be modelled (i t e. it is of the optimum consistency for 
packing), A definite weight of this yeast is taken, and to it is added 
a definite volume (i.e. a definite weight) of distilled water. After 
mixing to a smooth suspension or **cream the viscosity of the 
homogeneous fluid is taken in a viscometer (described below) at 
definite temperature. The viscosity is expressed as seconds time 
of flow, and yeasts having exactly the same consistencies as the 
standard {U, yeasts giving the same ratio of solid: liquid phase in 
the suspension) will always give the same viscosity figure when 
tested precisely in the same manner with the standard instrument 
(always bearing in mind the other minor factors influencing yeast 
consistency mentioned previously in this chapter), A yeast which 
is wetter than the standard consistency will, of course, contain less 
solid phase than the standard yeast, and drier yeast will contain 
more solid phase than the standard—thus the respective viscosities 
recorded from the use of such yeasts will be less than and greater 
than the figure given by the standard consistency yeast. Upon the 
above principles the viscometric test lor estimation of yeast con- 
sistency is based. The construction and calibration of the 
viscometer are described below. 
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Details of construction of viscometer 

All that is necessary is to make an instrument which will 
demonstrate comparatively small differences in viscosity of 
the yeast suspension (or ^cream”), and which will give quick, 
reproducible results by a comparatively unskilled operator if 
necessary. The following dimensions were found to be quite 
satisfactory,* 

The viscometer consists of a cylindrical piece of wide glass 
tubing, internal diameter 32 mm. } overall length 198 mm,, the 
lower end fitted with a closely-fitting hard rubber stopper carrying 
in its centre a small glass nozzle, 3*5 mm. internal bore at its upper 
end, tapered to a 2 mm, orifice over the last 6 mm. of its length. In 
use the viscometer is filled with the yeast suspension to maximum 
capacity, any air bubbles present being allowed to come to the 
surface which is wiped level with a glass rod before a reading is 
taken. The rubber stopper carrying the nozzle is fitted into the 
viscometer tube to a depth of 11 mm., so that when filled with 
water at 20° C., the outflow time is 36 sec,, and the total volume 
passing out of the instrument is 159 mb 

The construction of the viscometer is illustrated in Fig. 31. 

The temperature at which the determination is made is impor¬ 
tant, and variations in temperature can give considerable variations 
in results. 


Calibration of viscometer 


Yeast is taken of the consistency which it is decided should be 
the standard. Quantities of this, weighing 280, 290, 300, 310, 320, 
and 330 grm. are then accurately weighed out in a tared beaker 
and each quantity is accurately made up to a total weight of 450 
grm. by addition of distilled water. The water and yeast are 
mixed together into a homogeneous suspension, free from lumps, 
and then filtered free from small particles of foreign matter, fibres, 
etc,, by means of a fine mesh, stainless steel wire screen* 'I he 
viscosities of the various suspensions are then taken m the 
standard instrument at the standard temperature (say 20 C.), 
In this manner a calibration chart for the instrument is drawn 

(Fig. 35). 


* For regular factory control, instruments should be ew-on 

grade of stainless steel with the nozzle protected from damage b) a screw on 

guard. 
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p IG 35 ._ Calibration of viscometer for determination of yeast consistency. 


Determination of consistency of “unknown ' 1 sample 

For the determination of the consistency of any sample of yeast 
the “standard" weight of the yeast is taken (300 grin.) and made 
up to a total weight of 450 grm, with distilled water. The yeast 
and water are mixed free from lumps, sieved, and viscosity taken 
at 20 9 C. as described above. From the viscosity figure obtained, 
the consistency of the yeast is compared to the standard consis¬ 
tency yeast with which the viscometer was calibrated. The follow ¬ 
ing examples will make this clear* 

Case 1 

Viscosity of Sample =176 sec, 

Grm* of "Standard Consistency” yeast to 

which this is equivalent =325-5 grm. 

Thus, sample is 8 5 per cent too dry compared with the standard. 

Case 2 

Viscosity of Sample =691 sec. 

Grm. of "Standard Consistency” yeast to 
which this is equivalent =285 grm. 

Thus, sample is 5 per cent too wet compared with the standard * 

From the above figures, therefore, the consistency of the yeasts in 
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question could, in practice, be rapidly corrected to produce yeast 
having the desired standard consistency. 

Variation in yeast consistency with time of storage 

The yeast cell is, of course* a most complex biological system 
and, like most such systems, is continuously undergoing changes. 
As far as its water relations are concerned, these are unlikely to 
remain constant for very long and, therefore, any figures obtained 
for the water content of the cells in a cake of yeast are the figures 



Ftg. 36,—Variation of yeast consistency with time of storage. 


obtained at some particular moment, and further analysis after 
storage may therefore show variations in moisture content. Varia¬ 
tions, indeed, of the water content of the yeast cell upon storage 
can be followed as described below. A sample of yeast kept in a 
stoppered jar (and, therefore, not undergoing any changes due to 
evaporation losses) at 20 Q C. was tested for consistency over a 
period of time of storage, and the results are shown in Fig. 36 
and Table 26, These show that the yeast became of "drier" 
consistency upon storage, although the total moisture content 


Table 26 

Variation of Yeast Consistency with Time of Storage 


Hours of Storage 
of Yeast 

Viscosity 

{Sec.) 

Yeast Drier than 
Standard Comistency {%) 

0 (Freshly Packed) 
24 

a? 

921 

00 

09 

72 

99 

IS 

144 

101J 

2*1 
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remained constant, and the change was due to slight intake of water 
from the external water of the yeast into the cells, 1 his change is 
probably due to the intake of the external water by the cell in an 
attempt to reduce to the minimum value the osmotic pressure of 
the cell contents, but it is interesting to see that this change takes 
quite a considerable time to establish equilibrium. 


Summary 

Compressed yeast contains internal water inside the cell walls, 
and external or interstitial water as a film around and between the 
cells. The average internal water content of yeast is 65 per cent. 
Consistency or relative hardness of a yeast cake depends on the 
ratio of cell weight to weight of external water, and can be cor¬ 
related with total moisture only for yeasts of the same internal 
water content. Consistency of yeast can be estimated from 
viscometric measurements on a suspension containing 300 grm. 
of compressed yeast in 450 grm, total weight. The calibration 
curve for the simply-constructed viscometer used is obtained 
from measurements on a yeast of standard or desired consistency. 
Compressed yeast stored so that it does not lose moisture becomes 
“drier” in consistency* indicating absorption of some external 
water by the cell 
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SOME ASPECTS OF YEAST PHYSIOLOGY 

T he water content of normal yeast cells has been shown by the 
author and Montgomery(1) to vary over a range of 62-68 
per cent of the cell w eight* These variations, it must be emphasised, 
were found in yeasts produced by normal fermentation processes* 
and not by ^artificial” means in the laboratory. Particular 
emphasis must also be laid upon the fact that the yeast cell is 
a complex biological system, more often than not being in 
a state of change, particularly with regard to its water relations. 
Variation in the water content of the cell can, however, be 
easily brought about by several simple methods in the lab¬ 
oratory and, to some degree, these help to explain variations 
found in factory practice. As these changes are of considerable 
theoretical and practical interest they are discussed in some 
detail. 

Loss of water from yeast cells 

It has long been known that solutions of salts, sugars, and other 
“crystalloid” substances exert a plasmolysing influence on plant 
cells; that is, if plant cells are placed in solutions of greater 
osmotic strength than the solution which is equal in osmotic 
strength to the cell contents (the “isotonic” solution), there will be 
a withdrawal of water from the cells into the surrounding solution 
in an endeavour to equalise the osmotic strength of the solutions 
inside and outside the yeast cell. As an example, the action 
of solutions of sodium chloride on yeast has been studied in 
order to observe quantitatively the effect of such solutions 
on the composition of yeast cells subjected to this treat¬ 
ment* Loss of water from the yeast cells produces a loss ol 
weight of yeast cake obtained by a standard method of filtra¬ 
tion given below. The standard filtration method is also used 
to demonstrate increases in cell water content with consequent 
increases in ultimate yeast-cake weight by the methods described 

later* 
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Method 

A quantity of yeast cake (usually about 200-300 grm.) is 
mixed with the solution being Investigated and the resulting yeast 
suspension filtered through a \\ batman Xo. 50 paper on a large 
Buchner funnel using a standard suction, for example 600 mm. 
of mercury. The paper used for filtering is specially toughened 
to withstand considerable pressure and while it retains yeast cells 
quantitatively, it is fast-filtering. Any paper having these proper¬ 
ties would be satisfactory for this purpose. 

When the superficial water has drained away leaving behind a 
solid cake of yeast, the suction is continued for a further standard 
period of time, say 30 min,, to effect complete drainage of 
excess external water from the cake. The yeast cake is then re¬ 
moved from the paper quantitatively and weighed. This treatment 
produces a cake of a definite consistency and the variation in the 
weight of the yeast by virtue of the treatment applied can be 
deduced by comparision with the weight of yeast in a control test 
in which the original quantity of yeast is mixed with water and 
filtered in the same way. 

Treatment of yeast with solutions of sodium chloride 

Yeast treated with solutions of sodium chloride of varying 
strength loses weight as determined by the standard method just 
described. The percentage loss in weight by such treatment is 

Table 27 

Effect of Sodium Chloride Solutions upon Yeast Weight and Cel! Composition 

300 grms. of yeast treated with 150 ml. of saline solution of varying sodium 
chloride concentration and loss in weight determined by the standard filtration 
method, compared with a control experiment in which the yeast was treated 

with water. 


Strength of 
Sodium Chloride 
Solution 
(% w/v) 

Per cent loss in 
Yeast Weight 
Compared utith 
Control 

Percentage Composition 
of Yeast Celts 

Dry Mutter 

Water 

0 (water) 

0 

35-0 

650 

0-66 

284 

36-1 

63 9 

1-33 

5-43 

- 370 

630 

2-66 

9 26 

3S-5 

61 5 

4-0 

14 23 

408 

59-2 

6 66 

2! 05 

444 

55-6 

13-33 

35 j 65 

54 3 

457 


163 












yeast technology 


shown in Table 27 together with a list showing the composition of 
the yeast obtained by various treatments. The water content 
inside the cell steadily decreases with increasing salt concentration 
outside the cell. 


Effects of osmotic concentration of solids in fermenting 
wort on yeast cell water content 

Solutions of salts, sugars, etc,, all withdraw water from the 
inside of the cell, the extent of the withdrawal depending upon the 
concentration and the molecular nature of the solute. It is of 
interest to observe the effect of the dissolved solids left in separated 
fermented spent wort* on the composition of yeast cells suspended 
in varying concentrations of the wort. 

Table 28 

Effect of Steeping Yeast in Various Concentrations of Separated Spe?tt Fermented 
Wort upon Yeast Weight and Cell Analysis 

300 grms. of yeast treated with ISO mL of separated spent wort of the concen¬ 
tration shown and 1q$s in weight determined by the standard filtration method, 
compared with a control experiment in which yeast was treated with water. 


Concentration of 
Separated Wort 
Solution 

Per cent Loss in 
Yeast Weight 
compared 
uith Control 

Percentage Composition 
of Yeast Cells 

Dry A latter 

Water 

0 (water) 

000 

350 

650 

l 

0-66 

35’2 

643 

It 

1 32 

35’5 

645 

2 

2-79 

360 

640 

5 

547 

37 0 

630 


t Normal Concentration. 


The figures given in Table 28 were obtained by suspending 
yeast in various concentrations of separated wort [€.g. wort con¬ 
centrated twice and five times, and also diluted with an equal 
volume of water). The separated spent wort used in the experi¬ 
ments contained 1-5 per cent total solids, including 0 - S per cent of 
ash. Comparisons made by the standard filtration test with yeast 
suspended in pure water showed that the higher the concentra¬ 
tions of separated spent wort surrounding the yeast cells the greater 
were the losses in effective yeast weight, and the less was the 

* Separated fermented spent wort is the liquid left behind in the production 
of yeast from mo Josses or grain wort, after the yeast is centrifuged awa>, 
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internal water of the cells surrounded by the wort. Thus, all other 
factors being the same, the yeast from a high concentration w ort 
would be expected to contain a higher proportion of dry matter 
in the cell than if it were produced from a wort of lower 
concentration* 

Determination of strength of solution isotonic with contents 
of yeast ceil 

By measuring the viscosity of a thick yeast suspension with a 
viscometer of the type described in Chapter XII(2), very small 
withdrawals of water from the inside of the cells in the suspension 
due to plasmolysis by the external solution could be demonstrated. 
A. toxic effect by pure sodium chloride solutions on cells has since 
been reported(3, 4, 5); Ringer s solution was used for making 
these measurements. # 

Pressed yeast in 300 grm. portions was mixed with 150 mb of 
water, with 150 ml. of Ringer's solution, and with the same volume 
of half- and quarter-strength Ringer's solution. The viscosities of 
the resulting suspensions were determined at constant temperature 
in the standard viscometer* In this w r ay the results shown in Fig. 
37 were obtained. They show r that the solution isotonic with the 
cell contents was slightly weaker than even the quarter-strength 
Ringer’s solution* It should be noted that this method gives con¬ 
siderably greater accuracy for a determination of isotonieity than 
the standard botanical method of microscopical observation of 
shrinkage of the cell contents away from the cell wall when the 
cells are placed in plasmolysing solutions* Such a solution as the 
quarter-strength Ringer’s solution, which has a slightly plasmolytic 
effect, showed no such action when investigated by the micro¬ 
scope test. The normal botanical test would thus indicate that 
the isotonic solution for yeast cells is much stronger than it is in 
actual fact. It is interesting to submit the normal botanical method 
for such determinations to critical examination. This method 
consists of the observation of the minimum strength of solution 
of salts, etc., which will just produce a visible shrinkage of the 
cell contents from the cell wall when viewed microscopically 

* Ringer’s physiological salt solution is a solution of sodium chloride con¬ 
taining small amounts of other salts to counteract the toxic effects of the pure 
sodium chloride. It has the composition: sodium chloride 0 9 grm.> potassium 
chloride 0-042 gtro., calcium chloride 0-04S grm., sodium bicarbonate O'02 
grm,, water to 100 j'rrn. 
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Too much seems to be expected from this test. Examining the 
case of the half-strength RingeFs solution discussed above, this 
produced a withdrawal of 1-9 per cent of water from the yeast 
cell a substantial loss of water causing a difference in outflow 
time of 65 seconds between the viscosity of the suspensions of 
yeast made in water and in saline solution in the viscosity test* 
It is interesting to attempt to calculate the effect which such a 
solution would have upon the microscopical appearance of the 


Viscosity of Suspension (secs,) 

400 360 320 2&0 240 2Q0 



Fig, 37*—Effect of Ringer's solution on yeast weight and viscosity 

of yeast suspensions. 


yeast cells* For purposes of easy calculation* if It is assumed that 
the cells are perfectly spherical and of 4 microns diameter, a loss 
of 2 per cent of water from the cell would cause a shrinkage of 
2 per cent of the volume, and this would cause a reduction of the 
normal diameter of the cell from 4 to 3 972 microns, a diminution 
of less than 1/30 of I micron. Such small measurements obviously 
cannot be made microscopically* The problem is even more 
complex when working w r ith normal yeasts in which variations 
from cell to cell may easily be in the order of 0-5 to 1 micron. It 
is thus contended that any solution which has a clearly visible 
impression upon the cells must have a really considerable effect, 
and it is not an isotonic solution which is measured by this method 
but a solution having a gross osmotic action. It may be that 
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published figures for the strength of the contents of many vege¬ 
table and animal cells obtained by the microscopic technique are 
liable to considerable error. 

Increase of water content of yeast cells: swelling of yeast 
cells 

When yeast which has been treated with salt solutions is placed 
in water free from salts, the cells swell up and regain a considerable 
proportion of the water which was originally lost by plasmolytic 
action of the salt solution. It is quite obvious, therefore, that 
yeast which has been subjected to a high external osmotic 
pressure will swell (i.e. the internal water content of the cells will 
increase) when placed in a solution of lesser osmotic concentra¬ 
tion. This is undoubtedly one of the causes of slight increases 
in internal celt water content of yeast in actual manufacturing 

practice. , 

Swelling of yeast cells when they are placed for a period of time 

in acidic solutions and in solutions of ammonium hydroxide has 
been reported (1945) by the author and Montgomery (fcc. ciu). 
Yeast was steeped in solutions of hydrochloric, sulphuric, and 
other acids so that the pH of the suspensions reached very low 
values; ammoniacal suspensions were brought to pH values up to 
about pH 10 0, In the case of hydrochloric and sulphuric acid 
suspensions, increases in weight up to 6 per cent of the original 
weight of the yeast were reported after IS hr. steeping, and 
similar steeping in ammoniacal solutions gave maximum weight 
increases up to 4-5 per cent. The increases in weight were deter¬ 
mined by the standard filtration test and were in proportion to 
the amount of swelling of the cell. Weight increase under 
standard conditions was thus found to be indicative of an 
increase in the internal water content of the cell, and it is thus 
used as a measure of cell swelling in the observations on this 
phenomenon described below. 1 he data obtained are illustrated 
where necessary by curves, In all cases swelling occurred only 
after steeping for a considerable period of time in the appro¬ 
priate solutions, l or example, the result of steeping yeast for 
varying periods of time is shown in Fig. 38. From this infor¬ 
mation it was decided to carry out many of the steeping tests for 
a period of 18 hr., as this was convenient and gave good increases 
in yeast weight. 
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Fig + 38—Effect of steeping time on increase in yeast weight at low plL 



On the acid side, the largest weight increases for an 18-hours* 
steeping were produced by hydrochloric acid solutions which 
usually induced rather larger weight increases than those obtained 
by means of sulphuric acid at comparable pH values. The 
results of many such determinations are given m Fig. 39, whicn 
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also shows the weight increases of yeast steeped for 18 hr, in 
weak ammoniacal solutions at varying pH values,* 

The steeping of yeast at various temperatures showed similar 
weight increases for temperatures between 60°F, and 90°F. with 
only slight increases, however, at 40° F* 

Both acid and alkaline methods of steeping yeast showed that 



Fig. 40.—Increase in yeast weight on steeping in hydrochloric acid, 

IS hours, 65 0 F, 


there was a sharp peak in the weight increase-pH curve and that 
this peak is characteristic of the reagent used. In the case of 
hydrochloric acid, the peak occurred at pH 1*4— 1-5, while sul¬ 
phuric acid treatment gave a peak at pH F8 —1-9. These are shown 
in Figs. 40 and 41, which illustrate the yeast weight increases in 
several series of acid steepings at varying pH values. 

A large amount of evidence has accumulated which shows that 
yeast cells will die if they are steeped for a few hours at pH values 
lower than those at the peak points for acid treatment, or at pH 

* A]] pH determinations were carried out with the glass electrode system at 
20°C,, using a Cambridge Instrument Company pH meter. 
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FIG 41 —Increase in yeast weight on steeping in sulphuric acid, 

IS hours, 65°F. 



Fig, 42,— 


Effect of sulphuric acid on pH of ye 
standing for IS hours at o5 


ast suspensions afte 

F. 
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values higher than the peak for ammoniacal treatment. Such 
treatments were regarded as lethal for the yeast under examination, 
and this point is of very considerable theoretical interest. The 
yeast cells lost their power of fermentation by such treatments 
and, in both acid and ammoniacal treatment, the cell structure 
disintegrated with production of hydrogen sulphide and other 
breakdown products characteristic of the autolysis of yeast. Yeast 
treated with ammonia at high pH showed a very great change after 
a short time, the suspension rapidly becoming greenish-black and 
emitting an objectionable odour. 

The pH values quoted in these experiments were those at the 
beginning of steeping. The pH of the yeast suspension soon 
changed owing to the fact that acid and alkali were taken into the 
yeast cells. The intake of acid into the cell is illustrated by the pH 
rise on steeping (Fig, 42). 

The pH of the interior of the cell (assuming that the diffusion 
of the acid and alkali into the cell makes the pH of the cell con¬ 
tents uniform) was found to be changed comparatively little by the 
steeping* For example, the amounts of sulphuric acid and am¬ 
monium hydroxide which had entered the yeast cells after the 
18 hours' steeping at the peak pH were added to the original yeast 
suspensions after boiling to produce a homogenous suspension of 
the yeast contents. The original pH of 6*06 was reduced to 5*02 
by the acid addition, and raised to 7*2 by additions of ammonia* 
If the mechanism of the death of yeast cells by the two treat¬ 
ments is due to variation in pi I of the cell contents, it is obvious 
that the yeast cell will certainly not tolerate much variation. 
Some other cause may, however, be found responsible for this 
phenomenon* Yeast autolysis may be brought about in some 
cases by a rapid change in yeast cell pH, possibly activating an 
enzyme system. 

A knowledge of the mechanism of the production of the hydrogen 
sulphide from the yeast at high and low pH values would be of very 
considerable theoretical interest. It is presumably due to break¬ 
down of yeast sulpho-protein (or simpler sulphur compound) by 
some mechanism so far unknown but possibly enzymic, At the 
lower range of pH the author has found that some II 2 S is often 
evolved at all pH values lower than 3-0 with sulphuric acid, but 
similar evolution has not been found when using hydrochloric acid 
until the peak point referred to above has been reached. In this 
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connection, another interesting point found was that a trace of 
potassium bromate (about 0*05 per cent of the yeast weight), added 
to the yeast at such pH values, was sufficient to prevent sulphide 
production except at the very low values. This may have some 
connection with the inactivation of proteolytic enzymes by traces 
of oxidising agents such as bromates, These observations may be 
of interest in investigations of the occasional evolution of hydrogen 
sulphide in all types of brewery fermentations. 

Steeping of bakers 5 yeast for 18 hr, at pH values above 1-9 
with sulphuric acid, and 1-6 with hydrochloric acid, had very little 
adverse effect upon the fermentative powers of the yeast, judged by 
its fermentative action in dough and sugar solutions. 

The swelling effect was observed with organic acids such as 
lactic, acetic, and citric, but, as very low pH values cannot be 
produced by these acids, only moderate swelling of the yeast was 
produced. 

Mechanism of the swelling of yeast cells when steeped in 

acid and ammoniacal solutions 

As stated above, both acids and ammonia were taken into the 
yeast cells in considerable quantity and there is a possibility that 
acid and ammoniacal protein salts are formed inside the yeast cells 
as a result. Such protein salts would have a definite osmotic 
pressure which would tend to bring water Into the cells to restore 
equilibrium among the forces acting upon the cell wall The ulti¬ 
mate degree of swelling depends, to some extent at any rate, on the 
elasticity of the celt w T all, 

Detection of the swelling of the yeast cells 

Yeast swelling can be detected by the use of the viscometer in 
much the same way as for the illustration of the plasmolysis of the 
cells by saline solutions. When yeast was steeped in acid solutions 
the yeast suspensions gradually became "thicker”, that is, their 
viscosity increased, because of the intake of water by the cell from 
the external solution. This had the effect of increasing the solid 
phase and decreasing the liquid phase in the suspensions, thus 
causing considerable increase in viscosity of the suspensions. I ht 
experiments were carried out at constant suspension weight m 
order to correct for loss of water by evaporation. 

In some cases the increase of water in the cells was estimated 
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directly by the peptone method(6). As an example, yeast treated 
for 18 hr, at pH 1*8 with hydrochloric acid and showing an 
increase in yeast weight of 4-9 per cent, showed an original celt 
analysis of 64 4 per cent water plus 35*6 per cent dry matter, which 
changed on steeping to 67-4 per cent water plus 32-6 per cent dry 
matter. 

Variation of water content of yeast cells in brewery practice 

Besides factors discussed above, the variation In the water con¬ 
tent of yeast cells, may be due to variations in the strain of yeast 
and the nature of the process in which the yeast is used. 1 he 
latter includes a bewildering array of factors including type of 
nutrient medium in which the yeast is grown growth in 
grain or various types of molasses worts), concentration of nutrient 
materials, mineral salts, etc,, in the worts, degree of aeration given 
to the wort, and nature of the feed of nutrients supplied to the yeasts 
(e.g> nutrients all supplied at the start of the fermentation such as 
in the production of beer, or fed incrementally as in the produc¬ 
tion of bakers 1 yeast). Other fermentation factors such as rate of 
yeast growth, pi I of the wort, and temperature of growth also 
play an important part m the shaping of the nature of the yeast 
cell* 

Adsorption properties of the yeast cell: adsorption of 

proteins and peptones by yeast 

The work on the water relations of the yeast cell(l) has shown 
that yeast is capable of adsorption of protein and degraded 
protein (peptone) on the acid side of the isoelectric point of the 
protein. The quantity of protein adsorbed is a function of the pH 
of the solution, and Fig. 43 illustrates the weights of albumin and 
peptone which were found to be adsorbed at the various pH values 
by 100 grrm of yeast from 1 per cent solutions of egg albumin and 
peptone. The shape of these adsorption curves tells a very in¬ 
teresting story. The adsorption commences upon the acid side of 
the isoelectric point of the protein and increases at a very steep 
rate as the pH falls. Finally, however, a point is reached where 
adsorption is maximal and at pi I values lower than this point the 
adsorption falls off at a tremendous rate until it is virtually nil at 

* Chapter XX is devoted to u discussion of the effects of variations in growth 
temptnature and cultural conditions on the water content of yeast cells. 
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pH 1-CL It is seen that the point at which this very rapid reversal of 
adsorption occurs is very close to the peak pH of the weight 
increase-pH curve {ue. the PH at which cell destruction is 
commencing). The full implication of all these points is discussed 
below in the section dealing with the electrical nature of the yeast 
cell, and it is considered that these examples of adsorption are 
essentially electrical in nature. 



Fig. 43.-—Adsorption of albumin and peptone by 
yeast at different pH values. 


Electrical nature of the yeast cell 

The presence of electrical charges on yeast cells has long been 
known, through the work (amongst others) of Stockhausen and 

Silbereisen(7, 8, 9). , 

These workers were interested in the nature of the charge on me 
yeast cell with reference to the fermenting wort, and Silbereiscn 
attributed yeast flocculation in certain cases to reversal of the 
charge on the yeast cells during fermentation. 

The author has observed by direct cataphoresis experiments 
that the charge on the yeast cell is negative at acid pH values, and 
further tests at pH 10-8 0 have verified the fact that the yeast cell 
was negatively charged in relation to its surroundings over this 

entire pH range. 
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Returning to the question of the adsorption of protein by yeast, 
it is significant that adsorption takes place on the acid side of the 
isoelectric point of the protein, and that adsorption increases as the 
pH is lowered, that is, as an increasing quantity of the protein is 
ionised as the acid protein salt ( e.g . P SO~ 4 ), With a negative 
charge on the yeast cell, it appears that the positively-charged pro¬ 
tein ion is attracted to the cell and is electrically adsorbed thereon. 
The adsorption, however, is seen to reach a maximum at a pH of 
about 1-9 (in sulphuric acid solution), and at lower pH values it 
rapidly diminishes. It has already been shown that the yeast 
cell is destroyed if steeped for a period of time at pn 1-8 and 
lower pH values in sulphuric acid solution. It seems reasonable 
to suppose that the negative charge upon the yeast cell would 
diminish or disappear upon destruction of the living nature of the 
cell and this would explain the falling away in the adsorption ot the 
protein at low pH values* 

It is highly probable that adsorption of other colloids may follow 
a course similar to protein adsorption by yeast and further work 
along these lines may well lead to a considerable improvement in 
our knowledge of the behaviour of yeast in wort. 


Summary 

(1) The effect of salt, acid, sugar, or other solutions on the 
water content of yeast cells can be determined by a stan¬ 
dardised filtration of the yeast after exposure of the yeast to the 
test solution. 

(2) In sodium chloride solutions or in saline worts, yeast cells 
lose water and become higher in solids, up to 55 per cent in strong 
salt solution, for example, 

(3) Yeast cells lose weight in a dilute mixed salt solution 
(Ringer’s solution) even though the cells do not exhibit shrinkage 
from the cell wall under the microscope, indicating that shrinkage 
may not be a good criterion of isotonicity. 

(4) In water or dilute acids and alkalis, yeast cells increase in 
weight down to pH 1-4—1-S (for I4C1) or up to pH 8‘7 (ammonia). 
Beyond these points cell weight decreases sharply. 

(5) Adsorption of protein and peptone by yeast cells can be 
explained by electrical attraction of negatively-charged yeast cells 
for positively-charged protein particles. 
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CHAPTER XIV 


EFFECT OF PRESSURE ON THE YEAST CELL 

Investigations on the filter-pressing of yeast 

A n item of equipment common to yeast factories and many 
breweries is the filter-press, by means of which the yeast is 
conveniently filtered away from suspension to produce the familiar 
cake of compressed yeast. This process, therefore, is one which 
must be carried out hundreds of times daily under varying con¬ 
ditions and yet it appears from a perusal of the literature that very 
little work has been done to determine the effect of such pressure 
filtration upon the yeast cells present in the yeast suspension and 
filtered out into the cake of yeast so formed. In 1928, Beetle- 
stone (1), in a paper entitled “Yeast Cell and Yeast Cake’ 1 , dis¬ 
cussed the manner of the formation of a cake of compressed yeast 
by filter-pressing and described experimental work which he had 
carried out to illustrate his theories, which all tended to claim that 
a considerable increase in volume of the cells occurred when they 
were subjected to the hydrostatic pressure in the press. The 
opinions held by this worker, however, were subject to strong 
criticism(2), but the changes in the cell which Beetlestone claimed 
to have measured were disputed without any experimental work 
having been carried out to support such opposite contentions, In 
addition to the views mentioned above, the author has often heard 
the opinion expressed that the pressure employed in commercial 
filtratlons (up to 150 lb. per sq. in.) may be sufficient to deform the 
cells, perhaps to the extent of expressing some of the liquid con¬ 
tents of the cells** 

In some recent investigations carried out by the author in 
connection with his quantitative studies upon yeast yield and 
recovery from commercial (bakers’) yeast fermentations, any such 
changes in yeast-cell volume brought about by pressure filtration 
would assume very considerable economic importance. Thus an 
experimental procedure was worked out by which any permanent 
variations in cel! volume could be measured accurately. Such 

* F. \Yindisch(3) has suited that experiments conducted in Germany with 
>cast brought under a pressure of 1000 atmospheres showed little bursting of the 
ctlk, but did bring about a decrease of fermentative capacity, 
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investigations showed that hydrostatic pressure had no measurable 
permanent effect upon the veast-cell volume, and the subject with 
its practical implications is discussed in detail in this chapter. 

Effect of hydrostatic pressure 

N. t\ Beetlestone {he. cit), discussing the effect of hydrostatic 
pressure upon the cell wall in connection with the filter-pressing 
of yeast, produced a theoretical argument which he claimed would 
prove that the volume of yeast cells would show a permanent 
increase when subjected to hydrostatic pressure. Thus Beetlestone 
suggested that "the equation of forces acting upon the cell may be 
expressed as being 0-fiH=T\ where 0 = Osmotic pressure of 
the ceil contents, 11 = the hydrostatic pressure upon the cell and 
T=the tension of the cell wall. Any variation in the forces upon 
the one side will have to be accompanied by a corresponding 
alteration in the other, or, in equational form: (0 + II)+X = 
T-f X: which may be read (0+X)+H=T-|-X; or 0+(H+X)~ 
T+X; that is, any alteration in either the osmotic pressure or the 
hydrostatic pressure or both will lead to an alteration in the tension 
of the cell wall. Since this tension is a function of the volume 
elasticity of the cell it follows that an alteration in the tension will 
be accompanied by an alteration in volume.” 

F. E. Day(2) criticised the equation put forward by Beetlestone 
and pointed out that it overlooked the fact that the cell wall is 
flexible and that any external hydrostatic pressure is transmitted 
and balanced by a corresponding internal hydrostatic pressure and 
cannot force anything into the cell, nor can it effect any measurable 
change of volume in the cell or any change in the tension of the 
ceil wall unless the cells are deformed by close contact. Hydrostatic 
pressure thus being eliminated, itappearsthat the forces controlling 
the diffusion of water are osmotic pressure and cell-wail tension 
alone. 

There is no doubt that Day's argument is the more logical, 
although it was criticised in turn by Beetlestone. The fact re¬ 
mains, however, that Beetlestone produced practical results with 
which to support his theoretical views, His practical procedure 
consisted of microscopic measurement of a series of yeasts before 
and after pressing, and the deduction of the average volume of the 
cells. He measured the long and short axes of a number of cells 
(usually SO) and, regarding the cells as ellipsoids, calculated their 
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volume in accordance with the formula for the volume ol an 
ellipsoid: namely, 

Volume = 1« x 

The whole practical procedure, however, seems to be open to very 
serious criticism as the assumptions were made: 

(#) That the shape of the yeast cells in question (“somewhat 
egg-shaped" to quote the paper) was that of a true ellipsoid. 

(fr) That “the invisible axis, namely, that perpendicular to the 
plane of measurement, was the same length as the shorter 
measured axis." 

(c) That microscopic measurements, although of as many as 
SO cells, could provide sufficient accuracy for this type of experi¬ 
ment. An error of a small portion of 1 micron, which could very 
easily be made in the measurement of axes, would produce very 
considerable volume differences* 

In the light of the foregoing, therefore, it was decided that the 
problem, to which it was important from a practical point of view 
to get a solution, could not be effectively tackled by methods 
involving direct-cell measurements. Another approach to the 
problem was worked out and this is discussed below. 

Cell moisture and yeast yields 

In a factory' which is manufacturing yeast, it is obvious that 
any change in the yeast when passed through the filter-press may 
prove to be of considerable economic importance. For example, 
if Beetlestone’s findings, that there were volume changes up to 
15 per cent increase in cell volume during pressing, were correct, 
the quantity of yeast present before and after filter-pressing and 
the nature of the cells of the yeast would be very radically changed, 
fn other words, considerably more yeast (of a standard consistency) 
would emerge from the filter-press than would be present in the 
yeast cream entering the press, the increase being due to swelling 
of the cells, producing more effective yeast quantity although total 
dry-matter content would be constant. Consider, for example, the 
case of 100 grm. of yeast cells before and after passing through a 
filter-press. Suppose that the cells had the composition (65 per 
cent water-j-35 per cent dry matter) originally. Assuming, now, 
a 10 per cent increase in cell weight brought about by the 
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filter-pressing, tins means that there would now be 110 grm of cells 
which would still contain 35 grm. of dry matter* Therefore, the 
composition of the cells would now he (68T8 per cent water+ 
31 82 per cent dry matter)* An expulsion of water from the cells 
equivalent to 10 per cent of the cell weight would, conversely, 
yield 90 grm. of cells which would have the composition (61-11 
per cent water-)-38-89 per cent dry matter). 

A separate investigation proved that no appreciable amount of 
dry matter is lost in pressing of yeast and thus any expulsion of 
water from the cells would not be accompanied by dry matter, 
which would inevitably be dissolved in such water, which fact in 
itself suggests, but does not prove, that no decrease in cell volume 
had occurred upon high-pressure filtration! Such changes as 
outlined above are, therefore, quite fundamental. 

Briefly, therefore, such changes would bring about the following 

conditions in practice: 

(a) Increase tti cell whittle. 1 his w r ould produce a corresponding 
increase in net yeast cell quantity, resulting in the production of 
more yeast of considerably increased cell-water content compared 
with the yeast in the suspension used to fill the press* 

(b) Decrease in ceil volume. This would result in the reverse of 
the above conditions—that is, yeast quantity would decrease and 
cell analysis would show' an increase in dry-matter content. 

In any survey of the practical manufacturing losses from ferment¬ 
ing tank to finished and packed yeast, any variations in yeast 
quantity, such as outlined above, have to be examined* Therefore, 
a quick method was worked out to demonstrate any changes in cell 
volume which might have taken place before and after pressing. 

Principle of method 

A quantity of the yeast suspension being pumped into the press 
(this was a'thick yeast “cream" containing approximately suit 
grm. of yeast per litre) was taken and filtered on a large Buchner 
funnel, using a toughened yeast-retaining filter -paper ( a ^ 5 

Whatman paper) and a mild vacuum (400 mm. of mercury). 11 

filtration is simple a method of draining the l east celts away Irom 
the excess aqueous phase in the yeast cream. The drainage was 
usually accomplished in a very short time, leaving a solid hut fairly 
soft cake of yeast. After removal from the filter funnel the pap<- 
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was peeled away from the yeast cake which was then well mixed 
by hand. Immediately, a dry-matter estimation upon the yeast 
was carried out (see method below) and the yeast was simul¬ 
taneously tested for consistency by the standard viscometric test 
described by the author (see Chapter XII)(4); and by the author 
and Montgomery (5)* To recapitulate this test briefly for the sake 
of completeness, 300 grm. of the yeast were taken and made up to 
precisely 450 grm, total weight with water. After mixing free 
from lumps, the smooth suspension was filtered from small 
pieces of foreign matter through a fine mesh, stainless steel wire 
gauze, and the viscosity of the suspension was taken in the stan¬ 
dardised viscometer at 20" C. (For details of the viscometer see 
Chapter XIL) The viscosity was expressed in seconds and 
the consistency of the yeast was thus referred to the standard 
calibration curve for the instrument. The calibration curve was 
drawn by taking separate quantities of 280, 290, 300, 310, 320, and 
330 grm. of yeast which was considered (arbitrarily) to be of the 
standard consistency upon which all yeasts were to he judged, 
making these quantities to a total weight of 450 grm. with water 
and determining the viscosities of the suspensions so produced in 
the instrument to be standardised. The calibration curve is illus¬ 
trated in Fig, 35, 

A lump of the pressed cake of yeast resulting from the factory 
filter-pressing of the yeast cream used in the above experiment was 
then taken, and the consistency of the yeast (after mixing well) 
and the dry-matter content of the yeast were determined precisely 
as for the “drained” cake previously examined. 

The figures obtained in these estimations were then sufficient 
to determine any changes in the yeast cells due either to water 
entering or leaving the cells under the influence of the hydro¬ 
static pressure in the filter-press. This calculation was carried 
out by determining the dry-matter content of the yeast which 
would give a viscosity of 95 sec* in the viscometer, this latter 
figure being the viscosity figure given by yeast of the arbitrary 
standard consistency. The following example will be sufficient 
to show the principle of the calculation. 

A: Drained Yeast Cake 

Dry matter of yeast = 26-1 percent 
Viscosity = 102 sec, 


181 



YEAST TECHNOLOGY 


By reference to the calibration curve, a viscosity of 102 sec, is 
given by 303 grm + of standard consistency yeast. Therefore, the 
yeast used was drier than standard consistency and the dry matter 
which the yeast would contain at standard consistency would be: 

26 1 x 300 . 

—-per cent = 25 >8 per cent, 

303 r r 


B: Filter-Pressed Yeast Cake 

Dry matter of yeast = 284 per cent 
Viscosity = 240 sec. 

Again! by reference to the calibration curve* a viscosity of 240 
sec. is given by 332-5 grm. of standard consistency yeast. 
Therefore, the yeast used was considerably drier than standard 
consistency and the dry matter which the yeast would contain at 
that standard consistency would be: 


28-4 X 300 
332" 5 


per cent = 25*63 per cent* 


A series of such experiments was carried out upon different yeast 
samples and the results are summarised below in Table 29. 

A survey of the results given in Table 29 shows that the differ¬ 
ences in dry-matter content of yeasts at standard consistency before 
and after filter-pressing were very small* V\ hen small experi¬ 
mental errors are taken into consideration it will be seen that there 
is no evidence of any permanent change in the volume of yeast 
cells during the process of filter-pressing. From a practical stand¬ 
point* therefore, in any flowsheet showing yeast losses in the 
various purification and separation processes after fermentation, 
losses (or gains) of yeast quantity due to hydraulic pressure in t e 
filter ^pressing stage can be ruled out. 


Microscopical 

Yeast cells before and after pressing were mounted in water and 
carefully examined but showed no significant change in shape. 
The use of the microscope in studies of this kind is apt to be 
quite illusory, Moritz(6), by examining a dry preparation of 
pressed yeast made by smearing a small piece of yeast between 
two slides, concluded that the yeast cells appeared to be mainly 
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polyhedral. Mason(7) also drew a similar conclusion. As Beetle- 
stone ( loc * cit.) pointed out, however, "it is possible to see a similar 
phenomenon in any smear preparation of a yeast, even in one made 
from a thin sludge. It may be said to be an essential effect of any 
method of mounting which involves the use of pressure to spread 
the yeast/' 

The author has examined yeast smears from surface colonies 
from an agar plate, and the cells in these preparations have shown 
the polyhedral appearance commented upon by Mason and Moritz 
without the yeast having passed through a filter-press. The poly¬ 
hedral appearance is that of a typical close-packing effect (e.g. the 
cells of a honeycomb) and appears to bear no relationship to filter¬ 
pressing of the yeast cells. The above observations tend to prove 
the very elastic nature of the cells. 


Packing of cells in a yeast cake 

It has been seen in Chapter XII that a yeast cake can contain a 
very considerably varying proportion of cells depending upon its 
consistency. Thus a fairly wet sample of yeast may contain about 
75 per cent of cells, the remainder of the cake being external 
water. A very different state of affairs is to be found, however, 
in a highly-pressed yeast cake which may contain as much as 
90 per cent of yeast cells and only 10 per cent of external water. 
In fact it has not been found possible to prepare a yeast cake free 
from external water by pressing in a filter-press, It seems likely, 
therefore, from all the foregoing, that a lump of yeast such as is 
formed by "drainage" on a Buchner filter will contain more or ess 
"normally” shaped yeast cells surrounded by a matrix of extracellu¬ 
lar water. These circular or ellipsoidal cells provide the necessary 
intracellular interstices or "water-traps' 1 for this water. Pressing 
in the filter-press will, however, gradually compress the extreme!* 
elastic cells into a more mathematically economical shape 
polyhedral in form-thc external water being displaced as t 
pressure and the duration of the pressing are increased 1 he 
ultimate result is a crumbly cake consisting of P^edra y^t 
cells surrounded by a minimum of external water. 1 he driest c 
experienced by the writer in many observations contained abou 
92 per cent of cells and 8 per cent of external water—the cake being 
,t ™,ul. of. lone "drying” i, . fiter-pr* «id. .he P™ “P 
to 100 lb. per sq. in. 
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The degree of dryness of a yeast cake from a filter-press depends 
upon the following factors; 

(a) Pressure employed in the filtration. 

(£) Duration of the pressing period 

(c) The position of the portion of the yeast cake in the liltcr- 
press; there is often found to be a considerable variation in dry¬ 
ness of the yeast from the same press, the driest yeast usually being 
found at the yeast cream inlet end of the press and in the middle 
of the individual cakes. 

[d) The degree of bacteriological infection of the yeast. A high 
content of mucoid-producing organisms may tend towards unduly 
high moisture retention in the interstices between the cells. 

Summary 

(1) Hydrostatic pressures such as are generally encountered in 
normal factory procedure have no measurable permanent effect 
upon the volume or composition of yeast cells. This has been 
shown by use of a technique by which the dry matter of yeast at an 
arbitrary standard consistency is determined before and after 
pressing. 

(2) The ultimate dryness of a cake of yeast formed in a filter- 
press depends upon the duration of the pressing and the pressure 
employed and also upon the position of the yeast in the press, 

(3) In a very gently pressed cake (or in a cake of yeast formed by 
filtration on a Buchner filter) the cells are, in the main, of normal 
shape, but further pressing reduces the interstitial water between 
the cells and produces cells of polyhedral shape—the economic 
“close-packing 1 ’ structure. 
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CHAPTER XV 


THE COLOUR OF YEAST 


T he colour of yeast produced in the various stages of yeast 
cultivation is liable to show very considerable variations. 
Y east colour is mainly due to the following: 

(1) Precipitation of coloured material from molasses, grain 
wort, etc., on to the yeast cells. 

(2) Adsorption of coloured substances from the raw materials 
upon the yeast cells. It has been shown that there is often electrical 
adsorption of positively-charged melanoidin and caramel colour¬ 
ings from grain wort and molasses upon the negatively-charged 
yeast cells. This is a most interesting and important subject and is 
fully discussed below. 

(3) Precipitation of metallic sulphides upon the yeast during 
and after the fermentation process. It is often found that the colour 
of yeast deteriorates gradually with storage. This is often due to 
production of iron or copper sulphides by the action of hydrogen 
sulphide produced by the yeast upon traces of metallic salts left 
in the yeast block, possible in loose combination upon the outside 

of the cell wall. 

(4) Some colour of low molecular size will probably diffuse into 
the yeast cells from the raw materials and contribute in some 

degree to the colouri ng of the final product. 

(5) Yeast has a "natural colour". Even grown m colourless 
synthetic medium the yeast crop is far from white. Dispersion o 
light by the cells will, of course, result in production of a certain 
degree of colour. This is often noticeable when two samples of the 
same yeast, pressed to different states of dryness, are examined. 
The drier yeast normally appears whiter than the wetter samp e. 
This light dispersion effect of yeast cells and the extracellular 
water layer can be studied with interest by placing lumps of yeast 
of varying dryness on the stage of a binocular microscope capable 
of stereoscopic effects and observing the cells by reflected lig 
with a magnification of about 200 times. There is no doubt that 
there are considerable extracellular air spaces in a dry yeast ca c 
which will affect yeast colour. 
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Separation of the sludge by chemical or mechanical means, 
especially when using beet and cane molasses, will greatly assist 
in improving the yeast colour by removal of coloured inorganic 
and organic colloidal matter which precipitates upon the yeast 
during fermentation and which is not removed by washing pro¬ 
cesses. Molasses vary considerably in their content of this matter 
but cane molasses is usually worse than beet in this respect, Malt 
worts should always be mechanically separated before being used 
for yeast manufacture if the finest yeast colour is to be obtained. 
Metallic contamination of molasses may be reduced by chemical 
clarification by the "lime-phosphate process'" and this usually 
results in improved yeast colour. 

Adsorbable substances can easily be produced in molasses or 
grain worts by prolonged heating during sterilisation, and heat 
treatment should be cut to a minimum to presene yeast colour. 
Heat treatment of sugar-containing solutions at low acid pll 
values is particularly bad from this point of vicw r , besides destroy¬ 
ing a considerable amount of fermentable sugar. 

Metallic contamination should be cut down to an absolute 
minimum if colour troubles from this source are to be avoided. 
Use of stainless steel or aluminium at all stages can cure such 
trouble, If the final yeast contains more than 5 to 10 parts per 
million of iron, copper, or nickel p colour troubles due to 
metallic sulphide production will probably be experienced. 
This often occurs in the yeast blocks as a peculiar blackish-grcen 
"graining"'. 

Dry ing of the outside of a block of yeast usually results in brown¬ 
ing, some of which may be caused by oxidases. Surface drying 
will, of course, result in concentrating the natural yeast colour 
to twice or three times its normal tint 
The colloidal nature of caramel type pigments is of considerable 
interest and is discussed in detail below, 

Colloidal behaviour of the colouring matter of caramels 
and its significance in relation to the colour of yeast 

Although caramels are so widely used in brewing and the food 
industries generally, and the preparation of these substances has 
developed into a very considerable industry, only little information 
concerning their chemistry and technical properties has appeared 
in the literature, It is possible nowadays to purchase caramels to 
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be used for a variety of purposes and showing great diversity of 
properties, although it is not clear whether these caramels are 
prepared in accordance with predetermined scientific principles or 
made by purely empirical methods. The present chapter describes 
the colloidal properties of some commercial samples and of 
caramels prepared in the laboratory. 

The colouring substances present in various caramels possess 
widely different colloidal properties, and the behaviour of some 
fractions is very similar to that of proteins, in that they possess 
well-defined isoelectric points. At pH values below the isoelectric 
point thev are positively charged (i.e. they act as cations), and at 
pH values above this point they are negatively charged in aqueous 
solution* These differences in electrical properties may be related 
to the varying practical uses to which the caramels are put, and 
examination along the lines suggested may help considerably in 
selecting caramels for specific purposes. 

Interesting relationships have been found between the colour 
of yeast and the type of colloidal colouring material present in the 
wort in which the yeast is grown* The strain of (baking) yeast 
used was shown by cataphoresis to have a negative charge, and 
was therefore capable of electrical adsorption of any positively- 
charged colloids present in the wort. Thus if a very dark coloured 
yeast was produced in a fermentation, It was found that the wort 
solution in which the yeast was grown was rich in positively- 
charged colouring material. 

Some properties of commercial caramels 

Badollet and Painc(l), working with a caramel prepared from 
sucrose, found by cataphoresis that it possessed a weak negative 
charge. Hauge and Willaman(2) also found a negative charge and 
measured the cataphoresis rate at a range of pH values* I hey 
found that this decreased with reduction of pH, but failed to 
find an isoelectric point which they concluded must he below 
pH 2-5, as precipitat ion of their colouring matter began at this pi l. 
Other workers TGarino-Canina(3) and Duclaux(4)] have also 
reported the presence of a negative charge on caramel colouring 
matters. 

The examination of various samples of commercial caramels 
undertaken cataphoretically showed that some samples carried 
a positive charge, whilst others were electronegative. 1 he 
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cataphora sis test, however, suffered from the disadvantage that 
electrolysis of inorganic matter contained in the caramels altered 
the pH of the solution near the electrodes, and a more generally 
useful test was found in the use of a filter-paper technique. Filter- 
paper is known to acquire a negative charge in an aqueous solution. 
By suspending a strip ol filter-paper in a fairly dilute (0-2 pet cent) 
aqueous solution of caramel, it is found that positively-charged 
colouring matter is deposited on the paper as a very definite 
“stain” at the surface of the solution, the part of the paper wetted 
by capillary attraction being uncoloured* Negatively-charged 
colouring matter is unaffected, with the result that, in this case, no 
stain appears on the paper, but the paper is coloured uniformly 
with the imbibed caramel solution. These tests may be carried out 
at the same time as the tinctorial power and pH of the caramels 
are being determined. 

Since caramels in practice may have to be used at very different 
pi I values from those at which the initial examination was carried 
out, an investigation of the behaviour of these materials over a 
fairly wide range of pH values was undertaken. This demon¬ 
strated that the charge on the colloidal colouring matter varied 
with the pH of the solution, and that the colouring substance 
possessed a very definite isoelectric point. Thus, at pll values 
above the isoelectric point, the colouring matter was negatively 
charged, whilst at pll values lower than the isoelectric point the 
colour was positively charged. The resemblance between these 
colloidal colouring matters and soluble proteins is quite complete 
in this particular respect. Furthermore, the colouring materials 
of different caramels had isoelectric points which differed very 
considerably. Two typical commercial caramels, for example, had 
isoelectric points of 31 and 7 0 respectively, and their different 
properties and characteristics are shown in Fable 30 (Caramels 
A and R). 

The sign of the electrical charge upon the caramel colourings 
obtainable by the above methods has been verified by adsorbing 
positively-charged colour, when present, on Bentonite, a colloidal 
day of American origin, which has been shown see, for example, 
Radollet and Paine(5, 6)] to have negatively-charged particles 
when in aqueous suspension. Thus a solution of caramel A was 
considerably decolourised by Bentonite treatment at pH up to 
7 0, but no decolourisation occurred above this pH, 
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Table 30 


Characteristics of Two Types of Commercial Caramels 



Caramel A 

Caramel B 

1 

1. Isoelectric point 

70 

109 

2, Method of manufacture (rmnufac- 

i Made by an add 

Made by an alkali 

turer^s comments) 

3. pH of nrjgEna] caramel (5% solution 

process 

process 

in distilled water) 

4. Electrical charge on the colouring 

4 7 

6 1 

material of the caramel as prepared 

Strongly+ve. 

Weakly — ve. 

5, Tinctorial power* 

45,000 

26,000 


* Tinctorial power is the colour given by 1-in. thickness of the caramel, 
measured in degrees Lovibond {series 52), and is determined by estimating the 
colour of a dilute solution: for example, the colour given by a 0-05 per cent solution 
of the caramel in a t-in, cell (degrees Lovibond) x 2000= tinctorial power. 


Mutual precipitation of caramel colouring matters 

Again, it has long been recognised that when certain different 
types of caramel are mixed together, some of the colour is preci¬ 
pitated. No explanation appears in the literature of this so-called 
“incompatibility'*. In a review on caramels and their properties, 
W. R. Fetzer(7) gives the following two tests to determine this 
aspect of caramel behaviour: 

(( Compatibility test 

One of the most serious difficulties in the use of caramel for 
beverages occurs when caramel is added to a syrup or extract 
already containing caramel, or where two makes of caramel are 
used in the same plant. The weaker, or inferior, caramel will 
separate out. 

Filter-paper test 

Run I or 2 mh of a 0-2 per cent solution of caramel on to a large 
sheet of filter-paper. The colour from a satisfactory caramel will 
follow the water, The colour from an inferior caramel will collect 
in the centre in a spot, and the water will proceed to form a larger 
area. Such a caramel is invariably non-compatible.” 

The aspects of behaviour mentioned in this quotation can be 
satisfactorily explained upon the knowledge of the electrical pro¬ 
perties of the colouring matters outlined above. If a solution of 
caramel containing colouring matter with a positive charge is 
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mixed with one having negatively-charged colouring matter, 
mutual attraction and consequent neutralisation of the opposite 
charges occurs, and precipitation of the colloid particles results. 
Fetzer’s filter-paper test shows this difference in charge, but 
apparently he is used to handling “negative” caramels and the 
presence of a “positive” caramel is unwelcome from his own point 
of view. A positively-charged caramel can, however, be used for 
many purposes for which the oppositely-charged caramel would 
be less valuable. 

Mutual precipitation can be used in a very delicate test for the 
determination of the isoelectric point of caramels, This principle 
is well illustrated with the two caramels A and B previously 
mentioned. The filter-paper test showed that the isoelectric point 
of the colour in “A” lay between 6-75 and 7-26— that is, the 
colouring matter was negatively charged at pi I 7-26 and above, 
but was positively charged at pH 6-75 and below; this test would 
not show the precise isoelectric point any more accurately than in 
this range of pH, Similarly, the isoelectric point of the colour of 
caramel “IT lay between pH 2 9 and 3*16,. When, however, a 
dilute solution (0 2 per cent) of "B” was added to a solution of 
“A” of similar concentration over the pH range 6*75-7*26, mutual 
precipitation was seen to occur up to pH 7*0, but at higher pH 
values than this there was no precipitation. As the colour in 
caramel “IB* was electronegative over all the range, this obviously 
shows that the colour in caramel “A" is electropositive up to pH 
7 0 (when mutual precipitation occurred), and electronegative 
above pli 7 ■0; that is, the isoelectric point of the colour in caramel 
“A” was at pH 7-0, 

In similar fashion, by addition of a dilute solution of caramel 
“A” to a similar solution of caramel “B” over the pll range 2*9- 
3*16, it was shown that the isoelectric point of caramel “B” colour 
was at pi I 3 09. 

The amount of colouring matter in caramel 

In a short paper entitled “The Nature of Sucrose Caramel* 1 , 
G. von EIbc(8) states that: “Caramel consists of a mixture of 
colourless compounds closely related to sucrose, together with a 
dark-brown humic substance. . .. He gives, however, no figures 
for the quantity of “humic” substance present, and little informa¬ 
tion upon this point can be found in the literature. It was thought 
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of interest to obtain some information as to the actual quantity of 
colouring matter present in the two caramels, “A” and "B”, 
previously described. Carbon decolourisation of the caramel 
solutions failed to give useful results, as this treatment adsorbed 
not only the colouring matter, but also a considerable quantity of 
the non-colloidal material present. 

Useful information was obtained, however, by mixing suitable 
solutions of caramels "A” and “B”, precipitating as much of the 
colouring matter as possible by the mutual precipitation method. 
This coloured colloidal material was then filtered off on a No. 50 
Whatman paper on a Buchner funnel, the filtration being aided 
by the use of a small amount of washed, dried, kieselguhr. The 
colour intensities of the two original solutions were measured and 
compared with the colour intensity of the final solution after 
filtering* The proportion of colour lost, therefore, was calculated, 
and as this was equivalent to the colloidal material filtered off (the 
dried weight of which was determined), the colour intensity per 
grin, of precipitated colour could! be calculated. In this manner, 
it was found that, including that not precipitated, only 15 per cent 
of the total weight of the caramels used could represent colloidal 
colouring matter, and this is a maximal figure as it is possible that 
other non-coloured colloidal substances may have been precipi¬ 
tated along with the colour. The actual figures obtained are given 
below: 

Strength of caramel A solution, 0 5 grm. in 70 ml. water. 

Strength of caramel B solution, 10 grm, in 200 ml* water* 

(These quantities were found to give good precipitation when 
mixed,) 

Weight of dried precipitate, 0-138 grm. 

Colour of mixed solutions, calculated from the respective 
tinctorial powers of the two caramels, 180 Lovibond* 

Colour of solution after filtering, 70° Lovibond. 

Hence the weight of dry colouring matter in the original 15 grm. 
of the two caramels taken would appear to be of the order of 
(0-138 x 180/110)=0 226 grm.= 15 per cent. 

Further similarity to behaviour of proteins 

It has already been shown that the colouring matters of caramels 
colloidal in behaviour and that they behave similarly to 
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proteins in possessing quite definite isoelectric points. The 
resemblance can be taken still further* as the following two 
properties show: 

(a) Solutions of the caramels “A” and “B” relei rcd to above 
were mixed together at pH 5 0 in proportions similar to those used 
for the mutual precipitation test* the precipitate ol aggregated 
colour being immediately visible. Additions ol small quantities ol 
neutral salts (NaCl, Na 4 SG 4 ) to one of the caramel solutions before 
mixing prevented the precipitation* and it was found that small 
concentrations of salts were* at any PH, effective in preventing 
precipitation. Also additions of neutral salts made the lilter- 
paper and cataphoresis tests far less sensitive* suggesting con¬ 
siderable reduction of charge on the colour in solution. This 
would explain the absence of precipitation when the two caramel 
solutions were mixed in salt solution, as the charges on the two 
initially oppositely-charged colours would be so reduced as to make 
coalescence impossible, 'This effect seems to be very similar to the 
series of effects of neutral salts on protein solutions. Here the 
addition of low concentrations of neutral salts yields to the solution 
charged ions* and the ion which has the opposite charge to that ol 
the colloidal protein particle depresses the charge on that particle* 
thus depressing the osmotic pressure* viscosity and other colligative 
properties of the protein in solution(9). 

(b) Similarly* it has been shown(lO) that the charge on protein 
particles (together with osmotic pressure* etc.) is minimal at the 
isoelectric point of a protein* the charge rising to a maximum at a 
lower pH (usually about 3 0) and then dropping away gradually. 
'This, too, is due to the depressing effect of the excess (acid) anions 
present in solution. 

With caramel colours it has also been found that there is a 
definite maximum degree of adsorption on filter-paper* Bentonite, 
etc.* at a pH below the isoelectric point and at lower pH values 
than this the charge responsible for the adsorption tends to fall 
off to a reduced value. Thus, the colour of caramel n A M , with 
isoelectric point at pH 7-0* appears to become increasingly 
positively charged by addition of acid to a pH of about 2-85, and 
below this point the charge (and* consequently, the adsorption on 
filter-paper, etc,) falls away again somewhat. 


4 


193 



Y CAST TECHNOLOGY 


Preparation of caramel types in the laboratory 

The number of possible methods of preparation of caramels 
from the commercial point of view appears to be very large, and it 
would be most useful if it were possible to correlate the properties 
of the caramel produced with details of the method of manufacture, 
f or commercial caramels, too, starting materials arc large in 
number, including starch, hydrolysed starch syrup, invert sugar, 
sucrose, malt extract, etc. Whilst it was not possible to investigate 
such a field, it was thought of interest in preliminary tests to 
investigate whether different methods of preparation involving 
sucrose as starting material would produce colours with variations 
in colloidal behaviour* 


Procedure 

Solutions in distilled water containing 100 grm. of sucrose 
per 300 mb were heated in the autoclave at 100 C. for 30 hr. 
with one of the following: (l) sulphuric acid (50 ml. of N/l 
solution); (2) sodium hydroxide (50 ml. of N/l solution); (3) 
sodium hydroxide (as above), after previously hydrolysing the 
sucrose by boiling for 20 minutes with 50 mb of N/l sulphuric 
acid, then neutralising with sodium hydroxide; (4) no addition 
(V.e. in neutral solution). Solutions were then cooled and examined 
for colour, smell, and general appearance (see Table 31), and also 
with special reference to the electrical properties of the colloidal 
coloured substances contained in them. 


Table 31 

Effect of Various Heat Treatments on Sugar Solutions 


Treatment 


Colour and general 
appearance 


L Sulphuric acid 


2r Sodium hydroxide 

3. Sodium hydroxide 

(after inversion with 
acid and neutralisa¬ 
tion) 

4. Water only (r.r in 

neutral solution) 


Very intense brown- 
coloured solution with 
a very heavy brown- 
black deposit 
Fairly heavy brown - 
coloured solution 
Intense brown-colour¬ 
ed solution, Slight 
brown deposit 

Pale straw-coloured 
solution. No deposit 


SttieU 


Harsh "caramelised'* 
smell 


Mild sweet "cara¬ 
melised” smell 
Definite "caramelised" 
smell 


Very faint "caramel¬ 
ised' 1 smell 
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Solution (1).—Sulphuric acid treatment yielded a soluble dark- 
brown colour and an insoluble residue deeply coloured* the 
former showing no electrical properties at any pH. The precipi¬ 
tated fraction was treated with very dilute ammonium hydroxide 
solution, which left behind a large amount of totally-in soluble 
brown-black humic residue (insoluble in ammonia, sodium 
hydroxide* and dilute acids) with no definite electrical properties. 
The ammoniacal solution contained a dark-brown colouring 
matter which had a sharp isoelectric point at pH 3*S. At pH values 
below this point it was precipitated by further acid additions, and 
at pH 2-5 almost the entire colour was precipitated. The colouring 
matter could be redissolved by raising the pH with ammonia. 

Solution (2).—Sodium hydroxide treatment gave a deep brown- 
coloured solution, without definite electrical properties at any pH. 
The solution was found to have become acid in reaction during the 
heating. 

Solution (3).—Sodium hydroxide treatment, after inversion of 
the sucrose, virtually the treatment of invert sugar solution with 
sodium hydroxide, yielded a slightly acid solution. A slight brown 
deposit, filtered and washed with water, was then dissolved in 
very dilute ammonium hydroxide solution; after boiling away the 
ammonia, the isoelectric point of the coloured colloid was found 
(by the methods already given) to be at pH 5*3, At this point some 
precipitation commenced. The colour was all prccipitable at low 
pH values. 

The filtrate from the above deposit, on treatment with dilute 
sulphuric acid, yielded a fair amount of precipitate of dark brown 
material having definite electrical properties and an isoelectric 
point at pH 2-76, A great deal of colour, however, was in no wav 
preeipkable, and this fraction had no electrical properties at 
any pH. 

Solution (4).—The very small amount of colour produced on 
heating sucrose in neutral solution had no observable electrical 
properties, 

Thus, at least four different types of brown colouring material 
can be produced from sucrose alone by various kinds of treatment. 
One of these had considerable colouring power but no electrical 
properties, whereas three other fractions could be produced with 
isoelectric points of 5-3, 3-8, and 2*75 respectively. The pre¬ 
dominant colour produced by acid treatment of sucrose had an 
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isoelectric point of 3-8, whereas the treatment of hydrolysed 
sucrose with alkali gave predominantly the colloid of low iso¬ 
electric point of 2-76, In passing, it is of interest to note that the 
commercial caramel “A" giving the colour with high isoelectric 
point (7 0) was, according to the manufacturer's statement, made 
by an acid process, whereas the caramel “B n with the colour of 
low isoelectric point (3 09) was prepared by an alkaline process, 
I hus it appears probable that acid processes of preparation yield, 
in general, caramel colours having higher isoelectric points than 
those prepared by alkaline processes. The entire subject is one 
which calls for a great deal of work in order to elucidate the 
mechanics of colour production. 

Behaviour of bakers’ yeast with solutions of caramel 

A paper by White and Montgomery(ll) has shown that the 
cells of pressed bakers' yeast are negatively charged and, because 
ot this, are able to adsorb positively-charged particles, such as 
proteins, below the isoelectric point. It was thought to be of 
interest to investigate whether this would apply to the colloidal 
colours in commercial caramels. The charge on the yeast cell was 
therefore examined by cataphoresis tests over the pi I range 
2 0-8-0, and this quite clearly verified the negative charge over this 
pi I range, the yeast cells moving to the anode at all pH values. 

Solutions of the two commercial caramels, “A* 1 and \ were 
then taken and yeast w as added to these at various pH values, the 
yeast being immediately filtered off on a No. SO Whatman paper 
on a Buchner funnel. Examinations were made of both the small 
yeast cake so produced (after washing with an acid solution ol the 
same pH as that at which the tests were done) and of the filtered 
caramel solutions, in comparison with the initial colours of the yeast 
and caramel solutions. In this way any increase of colour of the 
yeast (or loss of colour of the caramel solutions) was determined, 
such loss of colour by a solution being due to transfer of colour 
from the solution to the yeast. It was thus shown that when the 
yeast was introduced into the solution of the caramels at a pH 
above their isoelectric point, no deposition of colour on to the yeast 
occurred—that is, the caramel colour w as electronegative and w as 
not adsorbed by the electronegative yeast cells. At pH values 
beloio the isoelectric points of the caramels, however, colour was 
deposited on the yeast, the electronegative cells adsorbing the 
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electropositive colloid colour. This is still further evidence of 
the amphoteric nature of the coloured materials present in the 
caramels, and lends weight to the findings of the cataphoresis 
tube, filter-paper, mutual precipitation, and Bentonite adsorption 
tests. 

By suspension of bakers’ yeast (normal light-brown colour) in a 
strong solution of the commercial caramel “A”, at a pH lower 
than the isoelectric point of the caramel, it was found quite possible 
to produce yeast having a very dark-brown colour similar to dark 
chocolate, the colour being firmly held by the yeast at the pH at 
which the adsorption was carried out. The exact amount of colour 
adsorbed on the cell is a function of pH—that is T the adsorption 
commences at the isoelectric point of the caramel but increases 
with decreasing pH, the yeast colour becoming increasingly dark 
as the pH is lowered. There does, however, appear to be a point 
at which deposition is maximal, and at pH values below this point 
the adsorption somewhat decreases* For example, using caramel 
"A”, the adsorption commences just below pH 7'0, rises to a 
maximum at pH 2 85, and falls away gradually at pH values 
below 2-85. 

When neutral salts are added to the caramel solution, adsorption 
of colour by yeast does not occur so readily as when the salt is 
absent, and it has been found that the charge on the caramel is 
reduced by salt additions. This again presents points of similarity 
to the action of salts on the physical properties of proteins. 

Work was then carried out to examine the properties of pig¬ 
ments present in various types of molasses and to determine the 
nature of the colouration of bakers' yeast prepared by growth in 
worts made from such molasses. With the precedent established 
in the experiments with yeast and commercial caramels, it seemed 
reasonable to suppose that yeast may adsorb colour from the solu¬ 
tion of molasses in which it is grown. This assumption was 
examined carefully with several varieties of molasses, including 
several different samples of beet and of cane molasses. In all 
cases it was found that the colour present in the molasses worts 
contained pigments similar to those contained in commercial 
caramels. Such pigments were adsorbed on the yeast cell walls 
when the yeast was grown at pH values lower than the isoelectric 
point of the particular pigment in question. In this way, it was 
found that a very considerable proportion of the total colour 
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present in a molasses wort could be adsorbed by yeast, and the 
following additional observations were made: 

(1) A fraction of the colouring matter present in all types of 
molasses was quite unadsorbable by yeast and possessed no well- 
defined electrical properties, 

(2) Different types of molasses contained very widely varying 
proportions of total colour and adsorbable colour* yeast produced 
from a molasses with a large content of adsorbable colour being 
dark in colour. Some molasses contained very little adsorbable 
colour, yielding light-coloured yeasts. 

(3) Lowering of the fermentation pH invariably produced 
yeast of dark colour, due to the greater adsorption of colouring 
matter at the lower pH, Yeast manufacturers have recognised for 
many years that low fermentation pH produces dark-coloured 
yeasts. 

(4) The adsorbed colouring matter can be separated from the 
yeast by raising tbe pH of the external medium. This gives the 
basis for a determination of the quantity of adsorbed colour present 
on a yeast. In this test a definite quantity of the yeast (say 10 
grm,) is taken and suspended in a suitable quantity (100 mb) of 
water containing sufficient alkali to bring the pH of the suspension 
to 10 0. This releases the pigment from the yeast by reversing the 
positive charge which enabled it to cling to the yeast. (No pig¬ 
ments were found with isoelectric points as high as 10*0.) The 
suspension is then filtered free from yeast and the colour of the 
filtrate determined in the 1-in. cell of the Lovibond tintometer. 

(5) Quantities of the colouring matter from yeast grown in 
various molasses worts were prepared by washing it away from the 
yeast (previously freed from sugars, salts, etc.) by the process 
shown above. Examination of these colouring materials showed 
that in all cases at the isoelectric point of the pigment precipitation 
commenced, and the precipitation tendency increased with in¬ 
creasing acidity. It would appear that the molasses colours are 
therefore precipitated as well as adsorbed on the yeast. 

(6) There were definite indications that several colouring 
materials of different isoelectric points were present in various 
molasses and this would rather tend to explain the different 
behaviour of these molasses with regard to the colour of the yeast 
produced from them under ordinary conditions of fermentation. 
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Other considerations relating to the use of caramels in 

brewing processes 

Loss of ca ramel colon ring power in brewery f mnentat ions , Cara m e 1 
introduced to wort prior to the fermentation stage may tend to 
become adsorbed by the yeast if it possesses an opposite charge 
from that of the yeast. Thus, the nature of the caramel (iso¬ 
electric pH) and of the charge on the strain of yeast used in a 
brewery are points to be investigated if no loss of caramel by 
adsorption is to be experienced. 

Influence of caramel used for colouring in the formation and 
prevention of hazes. The use of one or other type of caramel has 
been found to have a very marked influence on the formation of 
protein and oxidation hazes. The haze materials are usually of a 
colloidal nature, having a positive or negative electrical charge 
depending on the pH of the medium. A caramel colouring matter 
having an opposite charge from that of the haze-forming material 
at the pH in question will usually accelerate haze formation, and 
may tend to bring about precipitation, whereas caramel of the same 
charge as the haze will exert a considerable protective or stabilising 
action. 


Caramel in brewing 

In the last two decades increased attention has been given by 
brewing biochemists to colloids of wort and beer. The extensive 
studies on wort proteins, such as the recent work by Sandegren 
and St, Johnston for example, are rapidly pointing the way to 
satisfactory understanding of the function of some of the most 
important nitrogenous colloids in wort and finished beer. 

Melanoldins and caramels in brewing 

A distinctive group of substances which should be of great 
importance and interest to the brewing industry, namely, the 
melanoidin and caramel group, has been little investigated. For 
lack of precise information concerning the structure of these sub¬ 
stances they can be grouped together. Melanoidin materials are 
usually regarded as the brownish substances resulting from the 
chemical combination of carbohydrate materials with amino acids 
or ammonium salts. ' Caramel” usually indicates substances pro¬ 
duced when carbohydrate materials react with ammonium com¬ 
pounds, or those obtained when sugars and other carbohydrates 
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are heated to temperatures high enough for considerable decoiro 
position to occur. It is almost certain that the principal coloured 
substances present in wort and beer do contain more or Jess 
nitrogen. 

So iar \ery little is known of the chemistry of the melanoidins 
and the caramels, I he amount of natural colouring matter present 
m a wort depends on a number of factors, including the nature of 
the original grain, the time, temperature, and pH of the malting 
and mashing processes, composition of the steeping water, pH of 
kettle wort, boiling time, variety and quality of the hops used, 
oxidation-re duct ion conditions occurring in malting, mashing, 
boiling, and subsequent cooling stages, and probably many other 
1 actors. Much colour production takes place during wort cooling, 
probably because of oxidative changes. The final colour of a pale 
beer will depend on all these points. 

Much of the colour of the natural boiled wort i$ often filtered 
out before fermentation; some colour is deposited upon and 
precipitated along with the yeast. Yen' little has been done to 
separate and characterise these natural melanoidins of wort, but 
they appear to display many of the properties of the caramel 
colourings which are discussed below. Some of the melanoidins 
present in wort and beer, and in other important raw materials 
such as various kinds of molasses, are subject to precipitation when 
the pi I of the medium is lowered. In this way they differ from the 
colouring matter of good beer caramels w-hich should exhibit con¬ 
siderable stability when acids are added. 

Manufacture of caramels 

The manufacture of caramel colourings from carbohydrate 
materials of various kinds has been a large and important industry 
lor many years, but very little has appeared in the technical 
literature about the methods of preparation or the properties of 
these materials. Caramel is used to colour a wide variety of foods 
and beverages including bakery products, beers, wines, soft drinks, 
cider, vinegar, spirits, gravy colourings, and many more. Many 
hundreds of tons of these colouring materials are produced yearly 
in England, the United States, and other countries. They are 
prepared by heating very concentrated solutions of invert sugar, 
glucose syrup, or other sugary” materials with ammonia gas or 
various ammonium salts, with or without other inorganic 
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substances which act as “catalysts 1 * in production of colour- The 
heating, often up to temperatures of 120-130*C, is carried on until 
the colour produced is satisfactory. The mixture is then rapidly 
cooled and run into suitahle packages. By "rule of thumb" 
techniques built up over the years, caramel materials of good 
colouring properties have been produced, but it is fairly certain 
that few scientific principles are known concerning the methods of 
preparing them. 

Two classes of caramels 

Examination of many commercial caramel colourings has shown 
that, broadly speaking, they fall into two chief classes. The first 
of these is definitely characterised by possession of a large amount 
of colloidal colouring with an isoelectric point in the region of 
pH 7-0. The other group has weaker electrical properties, but is 
characterised by a colour with an isoelectric point of about pH 3 0. 
This does not mean that all the colouring materials in these com¬ 
mercial caramels have these properties. There is, undoubtedly, a 
part of the colour which is neutral in electrical reaction and this 
uncharged fraction is very desirable since it will not disturb the 
colloidal balance of any system to which it is added* The electri¬ 
cally-charged colouring matter, however, can greatly influence a 
system to which it is added, as will be explained later. 

In our experience the caramel with colouring of a high iso¬ 
electric point (piI 7-0 or thereabouts) is obtained commercially by 
the interaction of ammonia and invert sugar or glucose, followed 
by heating to complete colour production to the required degree. 
At ordinary temperatures, the resulting substance is a reasonably 
freely-flowing material with a colouring power between 20,000 and 
60,000 units (normally 40,000-60,000)* It contains up to 3-5 per 
cent of total nitrogen, none of w hich is freed as ammonia by heat¬ 
ing with alkali, and usually contains but little ash (up to 0 5 per 
cent). The preparation of such caramel has been described bv 
Comrie(12)* 

There is available in large amounts, however, a caramel which 
has an isoelectric point at about pi 1 3-0, This is a most important 
material for certain industries that find the higher pi I isoelectric 
point type quite unsuitable for their particular needs. It is 
difficult to obtain this material with a colouring power much 
higher than 27,000-28,000 units. Our experiments have shown 
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that it is produced by heating invert sugar or glucose with small 
amounts of ammonia in the presence of some suitable catalyst such 
as sodium hydroxide. Of considerable interest is the fact that the 
material is often of a thick consistency and that it contains a large 
amount of ash (3 per cent or more), and normally only about 
0 3-0-6 per cent of nitrogen, all of which is tightly held and cannot 
be released as ammonia by alkaline treatment. f 

It cannot be too strongly emphasised at this point that not 
all the colouring matter of these two groups ot caramels is 
always electrically charged. Usually it is a fraction of each type 
which carries the charge and gives the material its characteristic 

properties. 

Caramels for brewing 

If confronted with both types of caramel, which type should the 
brewer use for colouring his beer? The product of the high iso¬ 
electric point is high in colouring power but its flavour is usua 
rather acrid, and it is not very sweet. On the other hand, tho g 
the material of low isoelectric point has a colouring power of on 
22 000-28,000, it is much more bland in flavour and is sue , 
since less of its sugar has been ‘-burned” into colour material. 
Experience has shown, however, that the material having the 
hieher isoelectric point is by far the most suitable for brewing 
purposes The use of this material usually yields beers which are 
bright dear, and sparkling and which maintain this appearance 
for considerable periods on storage, except for production of chill 
haze and possibly of certain metallic hazes. 

Wort and beer colloids 

A caramel containing colour having an isoelectric P°mtatabou 
nH 3 Q however, is often quite unsuitable for colouring ot beer 
£ « L ^accompanied by the production of heavy deposits and 
hazes The behaviour of the various types of caramel in malt wort 

depends on the reaction which the electrically-charged colour 
Eds h™e on the wort colloids. Although much work remains 
,o be done on the colloids of wort and beer St Johnsto^l3) has 
demonstrated the presence of four protein fractions «hwh he . - 
J T C D and O in sweet wort and boiled hopped won* 

„ o,rin T r. globulin-Unnin compta. having an »- 
Jw »" 4 64. Protein C h„ .n P»'"< 
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at about pH 6 0 and yields protein 0 upon denaturation and 
oxidation. Although protein C is coagulated by boilings St. 
Johnston regards such coagulation as rarely complete, owing to 
oxidation to protein 0, which appears as a dark residue in solutions 
exposed to air. It has an isoelectric point at pH 3*9, at which it is 
precipitated. St. Johnston states that numerous turbidities and 
flocculations in the brewing and keeping of beer can be accounted 
for by the mutual precipitation between the negatively-charged 
protein 0 and the other positively-charged proteins(l4). He also 
regards protein 0 as similar to the wort nucleo-protein isolated by 
Hopkins t Amphlett, and Berridge(15). Hopkins has also de¬ 
scribed a heat coagulable protein of malt wort, iully precipitated 
at pH 3*8—3*9, probably a nucleo-protein* This could be prepared 
without any colour(16), If this protein and St, Johnston’s protein 
0 were one and the same, protein 0 would be impure, possibly by 
contamination with adsorbed colour. 

Sandegren has described one albumin and four globulin 
fractions obtained from barley protein. The albumin and one of 
the globulins he singled out as of particular interest in brewing. 
Lloyd Hind(17) discusses the presence of amphoteric protein 
degradation products in beer, stating that the isoelectric point of 
these substances lies between 4*6 and 5*5, and that they are very 
significant with respect to the properties of the beer, 1 he 
coalescence of positively-charged protein particles with negatively- 
charged beer tannins is a well-known phenomenon, St. Johnston 
stated that his protein 0 is not affected by tannin because of the 
fact that the protein is negatively charged at the pH of wort and 
beer. 

This and much more evidence is available to show that there are 
many nitrogenous colloids present in wort with isoelectric points 
between the pH of 6*0 and 3-9. As indicated by St. Johnston, 
mutual precipitation between some of these substances will un¬ 
doubtedly take [dace in wort and will influence beer keeping 
properties. 

Behaviour of caramels in beer 

It is of interest to examine the behaviour of some of these colloids 
when the two types of caramel colourings described above are 
added to the beer. This will, of course, depend on the pH of the 
wort to which the caramel is added and changes will continually 
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take place as the wort pH is lowered during fermentation. Assum¬ 
ing the wort pH (or beer pH) to be 4-2, most of the proteins will 
have isoelectric points above this figure and will thus be positively 
charged. Addition of a solution of caramel of isoelectric point pH 
7-0 will introduce into the wort system a colloid having a strong 
positive charge. This should* therefore* behave as a stabilising 
factor for wort proteins that are similarly charged and should tend 
to precipitate small quantities of negatively-charged colloidal 
material Tannins and St. Johnston’s protein 0* amongst other 
colloids* should tend to be precipitated from solution. 

Suppose* however* that a caramel of low isoelectric point at about 
pH 3d) is used for beer colouring. It will be negatively charged 
(this type of colouring matter carries only a weak charge), and will 
thus tend to unstabilise and, ultimately* to precipitate some of the 
beer proteins and other colloids that are positively charged. Only 
the negatively-charged colloids present* such as the tannin 
materials and possibly “protein OT will be stabilised. Natural 
colouring matter of melanoidin type will also enter mto these 
various precipitation and stabilisation systems depending upon 
their isoelectric points. The use of the wrong type of caramel 
colouring will* therefore* certainly tend towards instability in the 
beer. It is significant that some caramel manufacturers now 
recommend only caramel of high isoelectric point for beer 

colouring. . . . _ 

It is of great importance to realise that the precipitation reactions 

just described often do not take place instantaneously. Owing to 
the very small amount of the electrical charge carried by some oi 
the materials, and to the protective actions of other colloids 
present, it may welt be that the precipitations will require da>s, or 
even weeks, to take place. This means that an incorrect caramel 
may cause the deposit of unpleasant haaes and precipitates m the 

bottle or can. . _ . « ■ * n# 

The mixing of solutions of high and low isoelectric-point 

caramels at a pH intermediate between then isoelectric P ‘* 
results in the mutual precipitation of some of the colour of the 
caramels. The reason for the precipitation was not > undent 
until recently, and was ascribed to “incompatabil.ty by I etzer 
(7) This author, however, wisely warned against the mixing 
together of two or more batches of caramel of differing origin _ 
g ln the colouring of soft drinks in which kola, burdock, and other 
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herbs are employed, the use of high isoelectric-point (positively 
charged) caramel results in the precipitation of the negatively 
charged tannin-like substances, present in the natural plant 
materials* A caramel of low isoelectric point, negative]}' charged 
at the pH (3 5 or so) of the sol in ion is used for these beverages and 
to stabilise the system and produce a beverage of good clarity. 
Breweries having an interest in tills type of trade, even indirect]\ 
are warned not to mix their caramel colouring materials. 

It mav be mentioned that when veast is added to a wort a new 
electrical system is introduced. Yeast cells at these normal pll 
values are often negatively charged, and can therefore adsorb 
positively-charged colloids, including some of the caramel colour. 
This is partly responsible for the colour of compressed yeast since 
some natural melanoidins are unstable in solutions of low pH and 
may precipitate on, and be separated off with the yeast. It follows 
from this that there will be some loss of caramel colour during 
brewing. 

It is interesting to note that some inferior caramel colouring 
substances available commercially have been prepared in such a 
manner that they precipitate when dissolved in water, or in water 
acidified to the pH of beer. This occurs when uncontrolled pro¬ 
duction during manufacture of the colouring matter results in 
particles large enough to precipitate at beer pH values. A good 
caramel should exhibit complete stability of solution. 


Summary 

When yeast and caramel are added to hopped malt wort a most 
complex mixture of colloids and electrically charged substances 
is produced. The stability of the system and the consequent pro¬ 
duction of stable, bright beers mav often be a function of the 
colloidal properties of the caramel colouring used. These colour¬ 
ing materials behave with considerable similarity to proteins in 
solution and exhibit well defined isoelectric points. Caramel types 
available commercially have widely different isoelectric points. A 
good beer caramel should have a high isoelectric point—about 
7 0—in order to stabilise beer colloids, which arc predominantly 
positively charged at normal beer pll values. Other caramels 
available commercially having an isoelectric point at pll values 
lower than those of normal beers are negatively charged in beer 
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and will produce copious hazes over long periods- The latter 
types of caramels are valuable for use in the preparation of certain 
soft drinks in which the colloids possess low isoelectric points and 
are stabilised by such caramels. 
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CHAPTER XVI 


CHEMICAL AND PHYSICAL METHODS USED IN THE 
CONTROL OF YEAST GROWTH PROCESSES 

M qdhrn production of baking yeast is a highly organised 
process in which a rigid scientific control must he main¬ 
tained throughout. 

Control commences in the examination of raw materials and 
chemicals used, continues throughout the manufacturing process, 
and must be particularly thorough in the examination of the 
finished yeast. 

There are two related aspects of technical control—chemical 
and biological 

Responsibilities of chemical control include the analysis of all 
materials, incoming and outgoing. Molasses and chemicals must 
be analysed for suitability for use in the process and for absence of 
harmful impurities. The finished yeast must he examined for its 
dough-raising efficiency, colour, chemical analysis, and keeping 
properties. Regular process testing must ensure efficiency and 
minimise wastage. 

No modern yeast factory can manage without efficient biological 
control This should cover the entire process, the chief aims being 
to choose the best strains of yeast for the process and to keep 
them as free as possible from external infection throughout the 
assimilations in order to produce yeasts with the minimum of 
microbiological infection. The latter is essential for good fermen¬ 
tation characteristics and good keeping properties. 

Chemical control will be discussed first This can be divided 
into distinct sections, as follows; 

{A) Analysis of Molasses 

The following determinations may be made upon molasses used 
in yeast factories: 

L Total sugars. 

2. Unfermentablc reducing sugars. 

3* Total solids. 
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+* Mineral constituents: Total ash. 

Phosphate (PoO*) 

Potash (K,0) 

Calcium (CaO) 

Magnesium (MgO) 

Aluminium (A1 2 0 3 ) 

Iron 

Copper 

Arsenic * 

Lead 

Zinc 

Fluorides 

Sulphites 

Chlorides and sulphates 

5. Total nitrogen. 

6. Amino and amide nitrogen. 

7. Colour, 

8. Phosphate and nitrogen assimilable by yeast. 

9. Nutrilite content of molasses. 

10. Yeast growth capacity. 

11. Molasses buffering power and initial pH, 

12. Sulphate sludge content of molasses. 

The purely chemical estimations may be carried out using any 
satisfactory method, but it is important for sake of uniformity to 
decide upon some definite method and to analyse all materials by 
this method. The following notes are an indication of the methods 
found to be most suitable for the analyses: 

i. Total sugars 

Total sugars (returned as invert sugar) are obtained after 
inversion under standard conditions and titration against $tam 
dardised Fehling solution using methylene blue as indicator (Lane 
and Eynon method). For most molasses clarification before 
titration is not necessary, but this can be done with alumina cream 
if desirable. For most molasses containing about 50 per cent of 
total sugars (as invert) weigh accurately 10 grm. of molasses and 
make to 500 ml. Take 50 ml., add 100 ml. distilled water+2 ml 
cone. HC1- Boil for precisely 2 min. t cool, neutralise with 
N/l NaOII and make up to 300 ml. Titrate against 10 ml, mixed 
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Fehling's solution, using 2 drops methylene blue solution (05 
per cent) as indicator. 

Total sugar in original molasses (as invert)- 0 051 x 300 x 
100 jX per cent (where titration in ml.}* (Ten ml. of mixed 
Fehling solution is standardised against pure sucrose, inverted bv 
hydrochloric acid, and titrated in precisely similar fashion, the 
strength of the solution being adjusted so that 10 ml. of the freshly- 
mixed solution are equivalent to precisely 0051 grm* ol invert 
sugar.) 

2* Unfermentable reducing sugars 

Fifty grams of the molasses are dissolved in 200 mb of water, 
1 grm. of diammonium phosphate added and 5 grm. of pure culture 
yeast are made into a “cream” with a little water and added. The 
solution is kept at 30 C* (86 I\) for 3 days, when the solution is 
filtered upon a pressure-filter (No, 50 Whatman hard yeast- 
retaining paper) and the filtrate plus washings are made up to 
500 ml, and titrated against 10 ml. mixed Fehling's solution. The 
solution is diluted, if necessary, to produce a titration of between 
15 and 30 mb 

Beet molasses usually contains about 1-3 per cent of unfer- 
mcntable sugars by this test> cane molasses often rather more, 

3* Total solids 

This is a difficult determination to carry out satisfactorily by 
direct drying methods. About 2 grm + of the molasses are mixed 
with about the same weight of dried silver sand, with a small glass 
rod in a small evaporating dish. The whole, including glass rod, 
are dried to constant weight in a vacuum drying oven at 80 C. t 
the molasses being stirred occasionally with the sand to facilitate 
the drying process* 

A far quicker and quite satisfactory method consists of distilling 
the water in the molasses with toluene, the distillate being run into 
a graduated tube in which the volume of water is read off directly* 
The method is that of Bidwell and Steriing(l), In this method 
about 20 grm* of molasses are used for the distillation. [Total 
solids in molasses are often as high as 80 per cent. To keep satis¬ 
factorily the soluble solids (read on the sugar refractometer) should 
be at least 75 per cent (w/w).] 
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4, Mineral constituents 

Total ash {sulphated). About 2-3 grm. of molasses are ashed 
over a gentle flame until carbonation is almost complete. The ash 
is then wetted with 1 or 2 ml. of N/1G sulphuric acid and heated to 
constant weight at a dull red heat In a muffle furnace, This gives 
the weight of sulphate ash. 

Phosphate (P £ 0 3 ). Use about 5 grm. of molasses, destroying 
organic matter by “wet combustion" process with concentrated 
sulphuric and nitric acids in a Kjeldahl flask. Precipitate phos¬ 
phate as phosphomolybdate with 10 per cent ammonium molyb¬ 
date solution (10 ml. will precipitate 30 milligrm. P^0 5 ) in presence 
of ammonium nitrate solution (to obtain excess free nitric 
acid). Wash the yellow precipitate with 10 per cent ammonium 
nitrate solution and estimate phosphate volumetrically or gravi- 
metrically. 

Grav [metrically, the phosphomolybdate is dissolved in dilute 
ammonia, the solution almost neutralised with hydrochloric acid 
and the phosphate is precipitated as magnesium ammonium 
phosphate by the addition of alkaline magnesium mixture 
and liquid ammonia. The salt is filtered, washed free from 
chlorides, ignited and weighed as the pyrophosphate* whence* 
P 3 0 6 =Mg 2 P 2 0 T X 0-638. 

For volumetric estimation the neutral phosphomolybdate is 
dissolved in a known excess of standard dednormal sodium 
hydroxide solution, the amount of alkali used being determined 
by back titration with dednormal sulphuric acid. 

Potash (K a O). Potash is estimated by ashing 5 grm, of 
molasses, dissolving up in dilute hydrochloric acid and precipitat¬ 
ing the potash as the perchlorate after taking all the normal pre¬ 
cautions associated with this somewhat tedious but accurate 
method. The potash may also be estimated as the dipotassium 
sodium cobaltinitrite (particularly valuable in the presence of fairly 
large quantities of sulphates)* or as the potassium salt of sodium 
6-chloro-5-nitrotoIuene-3 sulphonate. 

Calcium (as CaO), Estimated by precipitation as oxalate from 
a hydrochloric acid extract of ash. The oxalate is decom¬ 
posed with dilute sulphuric acid and titrated with dednormal 
potassium permanganate (1 ml, of N/10 KMn0 4 ^=2-8 mgrm. 
of CaO) or the oxalate is ashed and the calcium weighed as 
CaO. 
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Magnesium (as MgO)* This is estimated by weighing as 
pyrophosphate after precipitating as magnesium ammonium 
phosphate by adding sodium phosphate and ammonium 
hydroxide to a hydrochloric acid extract of the ash from 5 to 10 
grm. of molasses. In some circumstances the estimation by means 
of the co-ordination complex with 8 -hydroxy quinoline may be 
of advantage. 

Aluminium (as AIO 3 ), After dissolving the ash from 10 grm. 
of molasses in dilute hydrochloric acid, the mixed iron and 
aluminium phosphates are precipitated by addition of a little 
sodium phosphate and a little ammonium acetate followed by 
ammonium hydroxide (until blue to bromophenol blue). These 
phosphates are washed, dissolved in hydrochloric acid, iron 
separated as hydroxide (by the addition of sodium hydroxide) and 
aluminium precipitated as aluminium phosphate which is ashed 
in a porcelain dish and weighed as A1 2 0 3+ 

Aluminium may also be estimated colourimetrically by the 
formation of a lake with "aluminorT (ammonium aurme tri¬ 
carboxyl ate), 

Iron . Estimated colourimetrically with ammonium thiocyanate 
using ash from 1 grm, of molasses. 

Copper. One grm, of molasses treated by wet combustion 
method to get rid of organic matter, copper being estimated 
colourimetrically with sodium diet jay Iditjhicjca ^hamate, 

Arsenic. Conveniently done by the Gutzeit technique upon a 
hydrochloric acid extract of ash from a convenient quantity 
(usually 1-5 grm + ) of material 

Lead. This is conveniently estimated using diphenylthio- 
carbazone with a hydrochloric acid extract of ash, 

Zinc. Estimated turbidometrically as zinc ferrocyanide. 

Fluorides. These are detected by heating the normal ash from 
10 grim of molasses with a few drops of concentrated sulphuric 
acid in a platinum dish covered with a watch glass covered in wax 
apart from one small bare place. The latter is examined for 
fluoride etching after about 20 min. heating at 60-80 & C, 

Sulphites. Estimated by distilling the molasses with phosphoric 
acid, collecting into hydrogen peroxide and estimating the sulphate 
so-formed as the barium salt. 

Chlorides. Estimated as the silver sgflt by Volhard’s method 
upon a nitric acid extract of normal molasses ash. 
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Sulphates. Estimated as barium salt upon a hydrochloric acid 
extract of the molasses ash. 

5* Total nitrogen 

This is estimated by the use of the well-known Kjeldahl method 
upon 3-5 grm* of molasses. A selenium-copper catalyst is useful 
for the purpose of the destruction of organic matter with concen¬ 
trated sulphuric acid. The micro-Kjeldahl technique is very 
popular* and capable of considerable accuracy. 

6 . Amino and amide nitrogen 

The amino nitrogen is most satisfactorily determined by 
decomposition of the amino acids with nitrous acid in the well- 
known Van Slyke apparatus or the micro-modification of this. A 
less accurate estimate is furnished by the formol-titration of* say, 
10 grin, of molasses, but the colour of the solution makes this 
estimation somewhat difficult The 10 grin. of molasses (in solu¬ 
tion in 90 mb water) are titrated to a definite pink colour to phenol* 
phthalein with normal sodium hydroxide; 10 ml. of neutral 
(phenolphthalein) formalin solution is added and the liquid is 
titrated back to the initial pink colour to phenolphthalein, the 
titration in ml. of normal sodium hydroxide being the formol value 
of 10 grrm of molasses. (One ml of N/l NaOH~0 G14 grm. of 
“formol” nitrogen.) 

Amide nitrogen (mainly asparagine) is estimated by distilling 
10 grm. of molasses with decinormal sodium hydroxide and 
collecting the ammonia in N/10 (or N/100) sulphuric acid* back- 
titrating with standard alkali (the achromic methylene blue- 
methyl red indicator is advised for this purpose). 

7 . Colour 

The colour of molasses is taken upon a 1 per cent solution in the 
1-in. Lovibond tintometer cell. Comparison of molasses colour is 
valuable as a guide to the possible colour of the resulting yeast. 
Colour of the molasses wort after sterilisation should also be 
recorded. 

8 . Phosphate and nitrogen assimilable by yeast 

It is often of value to know what proportion of the total nitrogen 
and phosphate of the molasses is assimilable by yeast under normal 
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conditions of assimilation. In the estimation of assimilable 
nitrogen, a wort is made op from the molasses, including added 
phosphate, magnesia, etc., and all necessary nutrients except 
nitrogen . Yeast is added and the assimilation is carried on under 
brisk aeration for a definite time (say 12 hr.). The yeast crop is 
filtered off, washed, and total nitrogen determined, the increase m 
nitrogen of the original seed yeast due to assimilation of molasses 
nitrogen being calculated. The separated wort can be submitted 
to a further period of assimilation adding fresh seed yeast and 
a few grams of cane sugar, if this figure is thought to be of any 
value. 

Assimilable phosphate is estimated in a similar fashion, but in 
this case the nutrient salts added are nitrogen-containing salts but 
no phosphates, the increase in yeast phosphates being that assimi¬ 
lated from the molasses. 

(Normally, in beet molasses up to 50 per cent of the total 
nitrogen is assimilable by yeast and often 90 per cent or even more 
of the phosphate is assimilable.) 

9. Nutrilite content of molasses 

This involves a most fundamentally important series of estima¬ 
tions, which are discussed fully in a separate chapter (Chapter IX). 

10. Yeast growth capacity 

It is of great value to be able to estimate the yeast growth 
capacity of any molasses, and this is done by the use of a small- 
scale laboratory assimilation apparatus mode]led exactly upon the 
3mes of a manufacturing scale assimilating vessel, each molasses 
tor use in the factory being tested for its yeast growing power 
before being used upon the plant scale. (See Chapters VIII IX 
and X.) 

n. Molasses buffering power and initial pH 

Molasses vary considerably in their buffering capacity to acid 
additions, and a knowledge of such buffering power is useful m 
determining the ratio of ammonium hydroxide to ammonium 
sulphate used in the liquid ammonia feed. A curve is drawn by 
titrating 100 grrrn of molasses in solution in 1 litre of water with 
normal sulphuric acid and showing pH against acid additions. 
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iz. Sulphate sludge content of molasses 

Molasses samples can vary considerably in their content of 
sludge precipitable at low pH- It is often of value to estimate this 
figure at the lowest pH attainable in the brew. One hundred grams 
of molasses, for example, can be dissolved in 200 ml. of water and 
sulphuric acid added to give a pH of 3 5, The solution is brought 
to the boil, 10 grm. of dried kieselguhr added and the whole 
filtered quantitatively through two weighed filter-papers upon a 
Buchner funnel The cake is washed free from molasses and dried 
to constant weight in an air or vacuum oven, sludge weight being 
thus calculated* 

Cane molasses is particularly liable to contain large quantities 
of such sludge, content of beet molasses being comparatively small. 
The average amounts of sludge precipitated at different pH values 
from various molasses are shown in Table 32. 

Table 32 

Sulphate Sludge Content of Refiners' Cane and Beet Molasses 

(The .figures illustrate the difference between the types of molasses—considerable 
variation in samples may be expected depending on locality of growth of beet 
and cane, factory refining process, etc,) 



Sulphate Sludge Content: grm. per 100 grm. of 

pH 

Molasses 

"■ “ 

Re friers' Cane Molasses 

Beet Molasses 

69 

0 10 

— 

6 3 


CM9 

4 5 


107 

4 r 0 


202 


(B) Analysis of Chemicals 

All chemicals should be regularly analysed for purity and 
freedom from substances likely to prove toxic to the growing 
yeast or undesirable from other aspects. Thus, arsenic must 
be kept well below the accepted limit for foodstuffs and copper 
and iron should be virtually absent from chemicals- The follow¬ 
ing properties should be looked for in the commonly used 
chemicals. 

Ammonia - (Ammonium hydroxide.) Normally use commercial 
grade “liquid' 1 ammonia, sp. gr. = 0-910, This should contain 
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about 25 per cent NH 3 (by weight) and be quite free from colour. 

Ammonium sulphate. Good commercial grade—should contain 
about 21‘2 per cent N 2 , [N 2 —20 55 per cent (\v w).] 

Sulphuric add * Good commercial grade* Normally contains 
95”% per cent H 2 S0 4 (by weight). 

j Disodium phosphate, This is commercially available as 
Na 2 HP0 4 ,12H 2 Q (P 2 0 5 content should beat least 19 8 percent), 
or as dihydrate, Na a MPQ 4 , 211,0 in which f\G 5 should be at least 
39-8 per cent. 

Other chemicals sometimes necessary are: lime (CaO—90-95 
per cent); soda ash (Na 2 C0 3 =9Q-95 per cent); phosphoric add 
(H 3 P0 4 =about 60 per cent by weight); magnesium sulphate, 
MgS0 4 ,7H 2 0 (should be 98 or 99 per cent pure)* 


(C) Control of Assimilation Process 

This is discussed in Chapters V and VI dealing with production 
practice* The prime requirements are to maintain the pH at a 
correct level (a glass electrode instrument is essential) and to 
maintain sufficient nitrogen and phosphate in the wort for the 
needs ot the growing yeast, always avoiding wasteful excess of 
these substances in the separated wort. 


(D) Chemical Analysis of Finished Yeast 


Routine chemical analysis of the finished yeast must be done 
often to maintain yeast composition as regular as possible. Essen¬ 
tial analyses are determination of dry - matter* and viscosity (these 
should be done upon all yeast packed to maintain a standard 
packing consistency), total nitrogen and phosphate (as P 2 O 0 ), 
arsenic, copper, and lead content. Other analyses which it is de¬ 


sirable occasionally to carry out include estimation of potash, 
calcium, magnesium, aluminium, chlorides, and sulphates. These 
are carried out broadly speaking along the lines laid down for the 
determination of these radicles in the previous section dealing with 
molasses analysis. (In Great Britain in 1951, a Metallic Contami¬ 
nation Sub-committee suggested that 30 p + p.m* should be the 
maximum amount of copper which should be tolerated in yeast*) 

* 1 lit: dry matter of yeast is quite 1 satisfactorily estimated by drying about 

, '<> constant weight at 102-105= C. in an electric dmn& oven 

(usually 5 hr. drying is sufficient). ' H 
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(E) Chemical Analysis of Separated Spent Wash 

After separation of the yeast the spent wash is normally dis¬ 
carded as effluent into town sewerage systems or into rivers. Owing 
to its high oxygen uptake value,* large quantities of this material 
are a nuisance and it seems likely that legislation to cause the 
manufacturer to make this effluent more biologically stable 
before discharge may come in the future. With this aspect in 
v * ew i ^ useful occasionally to check up the oxygen absorption 
wdue by means of the standard technique using potassium 
permanganate. 

It is of great economic importance, however, that the minimum 
of nitrogen and phosphate should be thrown away, and occasional 


Table 33 


Typical Analysis of Spent Wash (Separated Wort) from Mofaste f 

Assimilation 

[The precise values will depend on type of molasses used, wort concentration, 

yeast yield, etc.) 

i he figures quoted are for an assimilation using 560 lb, molasses per 10QQ 
of final spent wash, using a mixture of 85 per cent Beet and IS per cent Refiners' 

Cane Molasses, 


Alcohol 
lota] Solids 
Ash 

Total Sugars 
UnfermentEtblc Spears 
Total N 
Inorganic N 
For mo! N 

Amino N (Van Slyke) 

T a O s 

CaO 

MgO 

KiO 

so, 

a 

Cu 


GVjjj. per WO nth Lb . per I0QQ gal . 

Spent Wash of Spent Wash 


0045 

4-5 

1-6 

160 

0-54 

54 

O'009 

9-9 

0-095 

9-5 

0030 

8-0 

0-013 

1-3 

001 

10 

0-005 

0 5 

0002 

0 2 

0-034 

34 

0 014 

14 

0 175 

17-5 

0-178 

17-8 

0 015 

15 

2 0 p.p.m. 

002 


Biochemical Oxvgen Demand (B.G.D, value)—15,000 p.p.m. (5 days at 

18-3"C0* 

Oxygen Absorption Value (O.A. value)=3 f 200 p.p.m. (from f-KMnOi 

80 

solution; 4 hr. at 26 3* C.). (See Chapter XXIX.) 


* it has been calculated that the Biological Oxygen Demand (B,O.D.) of the 
effluent from 1 ton of molasses is equivalent to the normal effluent front 2CXMOO 
head of population. [See Chapter XXIX.) 
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analysis of the separated wash should be done to check upon waste. 
The wash obtained from a beet molasses assimilation is a very rich 
source of potash and other minerals (a typical analysis is shown in 
Table 33), and if it Is possible to concentrate the material by means 
of waste steam, it would serve as a useful fertiliser. 


(F) Physical Examination of Finished Yeast 

In many ways this is the most important part of the laboratory 
control in the yeast factory, Bakers expect their yeast packages to 
be up to weight specification, the colour of the material should be 
attractive, the yeast should be of satisfactory consistency and 
should “disperse" 1 when mixed with water quickly and completely, 
without leaving a residue. 

Again, the yeast must have an attractive smell and should keep 
well in norma! storage conditions without deterioration for some 
days. Its chief property, of course, is its fermentative power, 
particularly its capacity to ferment dough, The following tests 
cover all the above points: 

1. Weight of package 

As yeast evaporates considerably upon storage, the yeast manu¬ 
facturer usually packs 5-10 per cent “overweight” to compensate 
for such loss, and the weight of the pack must be regularly checked 
up. Rate of evaporation of the pack upon storage must be ascer¬ 
tained frequently. 

2, Yeast colour 

This should be checked up for the yeast from every processed 
batch, and it is probably most easily done by comparison against 
a range of painted tiles stored in the dark to minimise fading, and 
renewed from time to time by some competent artist or colour 
matcher. The colour can also be matched in a standard colour 
comparator, such as the Lovibond tintometer, if desired. In this 
instrument the colour is measured by pressing the sample in a 
small tray and matching the tint with standard red, blue, and 
yellow slides. As an example a yeast of excellent colour should 
have a colour matched by blue—01, red = 10, yellow=M. 
A poor colour would he given by blue=09, red—1-7, yellow=2-4. 
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3 , Yeast consistency 

l his is easily measured by the Viscometer method described 
elsewhere in this book (page 159), 

4. Dispersion in water 

I he best yeast should disperse completely when mixed with 
water, Some yeasts, of faulty processing, are mixed into sus- 
pension with water with extreme difficulty, and often granular, 
aggregated clusters of cells are found, incapable of being mixed 
into true suspension. A test can be made as follows: 

^ Twenty grm. of yeast are placed in a 400-ml. beaker, and 25 ml. 
distilled water placed on top. The yeast is mixed intimately with 
the ^ater using a stout glass rod during a period of 2 min., when 
the suspension is run into 900 mb water placed in a tall cylinder, 
using 100 mb water to wash out the beaker. The suspension is left 
tor 5 min. A satisfactory yeast at the end of this time should 
still be in good suspension, with no yeast in the bottom of the 
cylinder. Poor yeast will show a granular sediment at the bottom 
ui the vessel, and this can often be strained off upon a stainless 
steel wire sieve (100 mesh). The author has examined bad yeasts 
in which as much as 5 percent of the original yeast weight has been 
left behind upon the gauze in this way- No trace should be left by 
a good yeast, in which all the cells should be separate in sus¬ 
pension, Aggregation of the cells is usually indicative of heavy 
bacteriological infection. 

5 , Appearance and smell upon storage 

Cakes or bags of yeast should be stored in an incubator at a 
temperature of, say, 70-80°P\ (A good large incubator maintained 
at such a temperature all the year round is desirable for such work 
—it should be well lagged and located in a partially refrigerated 
room to maintain the temperature in the hot months of the year, 
and be at a controlled humidity—say 60 per cent, or any suitable 
figure.) A good yeast should maintain a pleasant smell for at least 
14 days under such storage at 70-75° F>—often a very good yeast 
will keep quite well for three weeks. It is pleasant to see a mini¬ 
mum of mould upon the outside of such yeast, but mould growth 
is almost inevitable upon the yeast surface and is quite harmless. 
The smell should keep fresh and pleasant for several days. Fre¬ 
duction of a putrid smell denotes cell breakdown by normal 
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autolysis or by bacterial agency, or both, but should be absent in 
the best yeasts for at least two weeks at 70-75 fl F t Highly un¬ 
satisfactory' yeasts go soft and liquid upon short periods of 
such storage, again due to an unsatisfactory yeast strain or to 
microbiological infection or to both these causes, “Liquefac¬ 
tion" should particularly be looked for at surfaces and cracks 
where it normally first appears—this never (or rarely) starts in the 
interior of the pack. Formation of a “skin” and the texture and 
colour of this are also points to be observed, 

ft is of advantage to pack small (1-oz.) jars fitted with metal caps 
with yeast from each batch process, and incubate these at a 
standard temperature specially to watch for the time required for 
the yeast to liquefy. An elevated temperature (say 90 T.) is often 
of great use here to observe the keeping properties of the yeast 
under hot summer conditions. 

6 . Yeast testing for gas-producing power and “Baking 
Strength** 

The principal purpose for testing yeast for gas-producing power 
is to determine its value to the baker in fermenting out the dough 
sugars and raising the dough structure. Baking yeast should have 
a steady gas-producing capacity which varies as little as possible 
—the value of a steady yeast in a fully automatic bakery, for 
example, needs little emphasis. 

There are two broad lines of approach to the study of yeast 
gas-producing power: 

(A) Tests using flour as substrate. 

(B) I’ests using fermentable sugars as substrate. 

Some of the chief tests amongst these two categories will be 
discussed below: 


Tests using flour as substrate 

These tests have two broad advantages; primarily, the sugars 
being fermented by the yeast consist of a mixture of natural flour 
sugars; in the second case, the yeast is being tested in the natural 
medium in which its performance will be judged in large-scale 
baking practice (in this case, if there are any other issues apart 
from gas-producing power to be judged in the sample, e+g. 
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proteolytic action on flour, etc.* such factors will all be assayed 
together in the flour tests). 

There must always be certain disadvantages in the use of flour 
—any test will always, of course, depend upon the properties of 
the flour itself. A good standard flour should be used for such 
tests. 

Amongst many others the following tests are useful: 

(a) Standard baking test. In this test a standard amount of yeast 
is mixed with standard quantities of water, flour and salt into a 
dough under well-regulated conditions of temperature. I he 
dough is placed in a baking tin of standard shape and size and the 
time taken to rise to a standard height is noted. The dough is then 
cc knocked“back*' mechanically for a definite time and replaced in 
the tin and the time taken for the dough to reach the requisite 
height is again noted. The sum of the first and second rise periods 
is taken to be an indication of the dough fermenting strength of 
the yeast. 

The following notes can be made upon this method: 

(1) The methods of mixing, periods of mixing, temperatures 
and all other details of procedure must be very rigidly standardised 
or the test is of little value. 

(2) The dough must be gently stamped down with a shaping 
instrument to a standard height after placing in the tin, 

(3) It is preferable to use cylindrical tins* in which the dough 
rises vertically as a cylindrically-shaped mass, instead of the 
rectangular type of baking tin. In the latter case the dough has 
more chance to swell sideways into the comers of the tin before 
rising and irregularities in the results can arise. 

(4) Some laboratories use added sugars in such tests, fhis 
practice seems of questionable value unless the same sugars (in 
similar amount) are to be used in actual bread-making practice- 
The use of sucrose, for example, in this baking test is of doubt u 
value, for very few bakeries in Great Britain use sucrose in actua 
bread-making. Use of sucrose in the U.S.A, is, however, a more 

usual practice, , , 

(5) It is necessary to employ a good efficient dough mixer 
this test. The Backmann mixing machine (Fig, 44) is very satts 
factory for this purpose but there are several efficient small doug 
mixers which may be used. 
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Fig. 44,—iJiidmiiHm Lilmnilijrv dou^h mixer. 
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The following standard baking test gives satisfactory results. 
The test should be carried out in a room the temperature of which 
is thermostatically controlled at 84° F. (29' C.); 

Five gun, of the yeast to be tested are weighed into a tared 
beaker and 156 ml. of a dilute sodium chloride solution contain¬ 
ing 3-5 grm. sodium chloride (he. 180 gim of A.R, sodium 
chloride in 8 litres of solution) are added to produce a homogeneous 
suspension of the yeast. The suspension is warmed to 84 F, and 
is gradually added to 280 grm, of flour in a mixing machine. 
[The dour is normally incubated in air-tight tins overnight at about 
9G C F + ; the temperature of the dough after mixing must always be 
arranged to be at 84 F. (29 s C)J The flour and yeast suspension 
is then mixed ior precisely 2\ min. in the machine and the 
resulting dough is completely and expeditiously transferred 
into a standard baking tin and pressed down to a standard height 
by means of a stamping tool (This complete operation must take 
precisely 1 min.) The tin is then put into the incubator at 93 T. 
The humidity of this “proof 5 ' cupboard should be 80-85 per cent.. 

The time taken for the dough to rise to a standard height in 
the tin {shown by a metal bar) is noted and this gives the "first 
rising” time. The dough is then mixed for precisely half a 
minute in the machine, replaced in the tin, stamped down 
again and put back again into the incubator precisely as before. 
I he time taken for the dough to reach the bar for the “second 
rising'* is noted, and the sum of the first and second rising times gives 
gives the baking test or fermentationefficiency of thevenst in dough. 

M Measurement of gas production in an actual lump of dough, 
1 he dough is prepared in a standard manner as described in 
method («). The lump of dough is placed in a suitable container 
and the gas evolution and swelling of the dough is measured in 
some suitable apparatus. Many devices have been suggested for 
this purpose, amongst which are the following: 

The “British Arkady Co T Method. A dough consisting of 
100 grm, flour, 05 grm. yeast, 1*25 grm. salt and about 58 ml. 
water made in a standard manner to produce a dough temperature 
of 2T C, is placed as a lump in a screw-capped glass jar (40 oz. 
capacity). T his jar is connected to another similar jar containing 
hght paraffin oil, both jars being placed in a thermostatically 
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controlled water bath at IT C A glass tube reaching almost to the 
bottom of the paraffin in the second jar is bent over to a measuring 
cylinder, and gas evolution and dough swelling expel an equivalent 
volume of paraffin, 

1 he lS\ J, A+ Fermentation Recorder. The dough is placed in a 
gas-tight apparatus at constant temperature, Gas evolution causes 
a gasometer to rise, and a stylus attached to the gasometer records 
the gas evolution compared with time on a clockwork-driven 
recording time-drum, 

Brabender Fermentograph. In this instrument the fermenting 
dough is placed inside a rubber bag suspended by a chain in a thermo¬ 
statically controlled water bath. The chain is held to a pivot and is 
counterbalanced. Gas production causes expansion of the rubber 
bag which consequently rises in the water, the rise being recorded 
on a recording band by a pen suitably mounted on the pivot, 

Bailey and Johnson Fermenter{2 t 3). This is another instru¬ 
ment in which the volume of gas evolved is measured by liquid 
displacement. 

Gen Pressure recording devices. Several devices have been sug¬ 
gested from time to time to record the rate of gas evolution by 
measuring the increase in pressure when the dough is placed in a 
closed apparatus of constant volume. Amongst these methods may 
be mentioned those of M. J. Blish, R. M. Sandstedt and G. R. 
Astleford(4) and Blish and Sandstedt(5), together with the method 
of H, Miller, J, Edgar, and A. G. O. Whiteside(6). The latter 
method is an automatically recording method. 

(c) Tests measuring volume increases of thin flour doughs. A 
useful comparative type of test which could be carried out 
even in the smaller bakery consists of watching a thin flour 
dough rise in a graduated tube, or cylinder. The faster the gas- 
producing power of the yeast, the quicker the slurry rises, The 
following quantities usually prove quite satisfactory. 

A thin flour and water paste ts made by mixing 2 parts by 
weight of flour with 3 parts of water. The water should be 
warm enough to ensure a temperature of 27 3 G in the final 
slurry. To 100 grm, of the thin dough is intimately mixed 
a small quantity (say 0-5 grm.) of the yeast, This should be made 
into suspension before mixing. Fifty ml of the mixture is then 
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run into a 100-ml. glass measuring cylinder and the rate at which 
the slurry rises in the tube is noted, keeping the cylinder in an 
incubator at 27 C C, Two or more yeasts may be compared very 
accurately for gas-producing power by this means so long as all 
temperatures, quantities, methods of mixing, etc., are strictly 
watched. All cylinders used for this test must, of course, have the 
same internal area and shape and the cylinders should be warmed 
for a few minutes in the incubator before use. 

Tests using fermentable sugars as substrate 
in liquid medium 

As long ago as 1885 W* Jago(7) suggested that the gas-producing 
power of yeasts working in a sucrose solution containing small 
amounts of ammonium and potassium phosphates could be taken 
as indicative of the value of the yeasts to the baker. Since the time 
of Jago several methods have been devised to measure gas 
production. 

Various types of apparatus are available for this purpose. The 
reaction flask containing sugar solution and yeast should be 
continuously shaken to prevent super-saturation of carbon dioxide. 
The gas from this flask may be measured directly in a gas burette 
[see for example, the apparatus of A. S. Schultz, L. At kin, and 
C\ N\ I-'rey(S)], or the gas may be made to displace its own volume 
ot paraffin oil or 40 per cent calcium chloride solution which is 
collected in a cylinder (apparatus of rather similar type to the 
British Arkady Co. design but with a smaller "reaction" vessel 
equipped with a shaker). The increase in pressure may also be 
measured but this can give rise to some difficulties due to the 
solubility of carbon dioxide under pressure. 

The composition of suitable synthetic media for gas-product ion 
tests using dextrose and maltose as sources of fermentable sugar 
is fully discussed in Chapter XXX. The same chapter discusses 
the relative value of the various methods of evaluation of the gas- 
producing power of yeasts in doughs and in synthetic solutions. 
(See pages 380-407.) 

A. S. Schultz, L> Atkin, and C* N, Frey(9), have shown that 
traces of aneurin (Vitamin BJ can accelerate the rate of gas 
production using certain yeasts in a synthetic medium. As 
natural Hour doughs will contain this vitamin it seems reason¬ 
able that any gas-test solution of this kind should contain a trace 

223 



YEAST TECHNOLOGY 


of aneurin (say 5-10 microgrm), There would appear to be a 
good case, too, for employment of traces of other vitamins along 
the lines of the solutions used in the assay of nutriiite activity(10) 
(*ec page 104). 

J. Bara(ll) has stressed the importance of using both the 
gas-producing tests in liquid media and the normal ("Berlin”) 
dough tests in testing of yeast. He has demonstrated that yeasts 
can give excellent gas-producing tests but only mediocre dough¬ 
raising performances. 

Two points should always be borne in mind in yeast testing, 
firstly, the age of the yeast must always be taken into con¬ 
sideration when estimating the value of the sample. Again, 
the dryness of the yeast will exert an effect on the gas-producing 
power—the more cells present the more gas will be produced, 
all other factors being constant. It is, therefore, of'great value to 
assess the gas-producing powers of yeasts upon a constant dry- 
matter basis. 

7* Determination! of yeast quantity 

The estimation of yeast quantity is of such considerable im¬ 
portance and has been the subject of so much work by a variety of 
methods, that it is discussed in a separate chapter* (Chapter XL) 

8. Miscellaneous examinations 

Many other routine determinations may have to be carried out 
in the Yeast Laboratory, including water analysis, malt analysis 
and a multitude of other day to day examinations such as analysis 
of oils, metals, paints, etc., also suitability of plant to withstand 
corrosion, etc. Standard text-books should be consulted Jor 
methods suitable for such requirements. 
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CHAPTER XVI r 


MICROBIOLOGICAL CONTROL OF YEAST GROWTH 

PROCESSES 

T ina chapter deals with steps found necessary in the quality 
control of yeast growth processes from the microbiological 
point of view, dealing specifically with the manufacture of bakers' 
yeast. 

The metabolism, growth requirements, and physiology of 
bakers' and brewers' yeasts are practically identical. According to 
the widely accepted classification of Stelling-Dekker, bakers’ yeast 
and ale yeast are both Saccharomyces cerevisiae (Fig + 45), while 
lager yeast is considered to be S. rarlsbergenm* The only difference 
in the physiology of top and bottom fermenting yeasts is that the 
latter are able to ferment me lib lose, while the former are not. 

Several parallelisms are encountered m the production of 
bakers’ yeast and in connection with the use of yeast in the brewing 
process, that is, successive fermentation cycles, removal of trub from 
the wort prior to yeast inoculation or pitching, and careful selection 
of suitable yeast strains. In addition, in both processes, close 
supervision is constantly maintained to reduce opportunity for 
bacterial contamination to a minimum. 

On the other hand, the process used to manufacture bakers’ 
yeast differs in several respects from brewing. For example, in the 
production of bakers’ yeast the pitched wort is highly aerated to 
ensure rapid growth, and at the same time concentrated wort and 
chemicals are added to the growth medium in small increments 
only in order to suppress fermentation (production of alcohol and 
carbon dioxide). The cultivation of bakers’ yeast is generally 
carried out in 32-hr. periods at a temperature of 30 C C., in con¬ 
trast to 7-9-day fermentations at 10-15° C. as employed in the 
brewing process (American conditions). 

It is evident, therefore, that the study of the microbiology of the 
yeast process bears considerable relationship to the study of the 
microbiology of beer brewing, although there are important 
differences. In both fields one salient point emerges: the necessity 
for possession of definite laboratory techniques without which 
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progress is impossible. Before passing to a discussion of such 
methods, it is necessary to examine the varieties of infection which 
can occur and to see what effects such types of infection can 
have. 

Infecting organisms can be of three broad types—' yi Non-culture 
ymfs”, moulds, and bacteria , 

“Non-culture yeasts M 

“Non-culture yeasts” is a particularly awkward term to use, 
but it is the only nomenclature which is sufficiently broad to fit a 
very wide and varied group of organisms. It includes any yeast¬ 
like organisms which are dissimilar to the strain of yeast being 
cultured. The total number likely to be encountered is very large 
indeed, including such types as the true Saccharamyces (excepting 
the organism used in culture), the many yeasts normally classified 
as “wild’*, the Torulae, and all the very wide group of yeast-tike 
organisms belonging to the Mycoderma and Monilia groups 
(including a large number of organisms which form filamentous 
types of colonies upon solid media but which cannot really be 
classified as true moulds) (see Figs. 46-8 inclusive). It can em¬ 
phatically be stated that much work remains to be done upon the 
classification of these organisms. The problem is complicated 
even further by the fact that the yeast strain in use must be kept 
free from morphologically similar strains which have different 
physiological characteristics, It is here that it is important to avoid 
mutations in the pure culture, otherwise these become infecting 
organisms. It should be mentioned at this point that some com¬ 
mercial use has been made of a hybrid S . cerevisiae ellipsoideus for 
baking purposes; in this case if cells of S. cerevisiae were present 
they w r ouSd legitimately be classed as infection. 

The strain of yeast which is chosen for the culture should be 
the one which has the best set of properties obtainable; infection 
with any other types of veast-like organisms will, therefore, pro¬ 
duce an inferior yeast. In practice many of the wild yeasts, 
particularly the filamentous and non-filamentou$ Toruiae and 
Mycoderma (big. 49), have a very different type of fermentative 
attack upon carbohydrates than ordinary yeast, and some organ¬ 
isms in these groups also wastcfully oxidise alcohol to carbon 
dioxide and water. In this way a yeast seriously infected with such 
organisms inevitably has a poor fermentative performance in 
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dough and may also give an indifferent yield in the assimilation 
stage. Some of the wild yeasts are very “greasy" and give an 
unnatural curdy appearance when suspended in water. Other 
members of this large group form esters in their normal life-cycle, 
and yeasts infected therewith may be pervaded with an ester-like 
odour, quite alien to the mild characteristic smell of normal baking 
yeasts. In addition to all these undesirable effects, the keeping 
properties of a yeast heavily contaminated with non-culture yeasts 
may also suffer. The worst feature of certain of the non-culture 
yeasts is that they may have shorter generation periods than the 
culture organism, and for this reason, a little such infection intro¬ 
duced at an early stage may reach alarming proportions at the end 
of two or three further assimilation stages. Add the fact that 
these organisms all flourish under similar conditions of pH to 
yeast (unlike some of the bacteria which are inactivated under 
certain circumstances), and it will be seen that infection with 
organisms of this group can be serious. 

As an illustration of the proportion to which this type of 
infection may grow if not detected and eradicated in time, the 
author has seen collecting vessels for yeast cream (after separation) 
in which the top two or three feet have been clogged almost solid 
with a scummy, greasy layer of Mycotomlae. Such “yeasts’’ con¬ 
tained several thousand million wild yeasts per gram of pressed- 
up solid yeast possessing atrocious fermentative powers in dough. 
This is not at all surprising when it is realised that there were 
more cells of wild yeasts than of cultured yeast in the mass, There 
is, however, seldom a significant multiplication of non-culture 
yeasts during storage of a cake of yeast. 

Moulds 

In certain respects moulds arc the least offensive of any of the 
possible infections of yeast. With a few exceptions they grow in 
the actual assimilations at only a small rate compared with the 
yeast cells, and thus the number of infecting cells at the end of the 
yeast-growing stage is rarely very serious. Such types include 
almost all of the moulds which possess highly coloured aerial 
sporangia (including Mucors , Aspergi!h f Penicillin, busarui)* and 
the count of such types in the final solid yeast is seldom high 
(?>. rarely more than a few hundred per grin, of pressed yeast ami 

* The normal red mould of yeast is Fttsarium rosenw. 
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often very much fewer than this). This is not to suggest* however, 
that they have no nuisance value; this is indeed far from the case. 
Many a baker on opening a packet or bag of yeast a few days old 
has found the surface covered with a felt of multi-coloured mould 
and has sent it back to the maker in high dudgeon. The fact is, 
however, that such moulds only grow on the surface of the solid 
yeast (or in cracks where air can penetrate), and in the majority 
of cases, if the skin of mould were scraped away, the yeast under¬ 
neath would be found quite unimpaired. In other words, many of 
the common moulds will grow upon the surface of a lump of yeast 
but are Incapable of causing deterioration in the yeast beneath the 
thin aerobic mould layer. Of course* bakers do object to seeing 
mould on their yeast, and the number of mould cells should be 
kept as low as possible, Unfortunately, a single cell of one of the 
moulds with highly coloured sporangia alighting upon the surface 
of a cake of yeast during packing has far more nuisance value than 

thousands of similar cells hidden in the block awav from the 

■■ 

surface. 

Bakers are usually far less perturbed by a patch of white surface 
mould than by coloured moulds. For this reason, white Oidium 
species and moulds such as Mucor mucedo, which very commonly 
occur on yeast, are not greatly to be worried about, although, here 
again, the ideal is to clear all moulds out if possible* Oidium 
species have absolutely no detrimental effects upon yeast keeping 
properties* 

M. mucedo has been stated to contain enzymes responsible for 
softening and breakdown of yeast, giving a short storage life 
especially in hot weather. This may be correct, although by no 
means all strains of this mould have this disagreeable property. 

Apart from the effect of the moulds on the appearance and 
properties of yeast upon storage, it is virtually correct to say that 
only the Oidium family causes difficulties in any other way. 
Certain of the Oidia can grow quite satisfactorily in aerated 
worts, and a sufficiently high infection can give rise to tangled 
masses of such organisms in the finished wort. These have on 
occasions been known to dog up sieves and nozzles on yeast 
separators. Rarely, how ever, is such trouble experienced in even 
a poorly run plant. The manufacturer of the best yeast, how¬ 
ever, endeavours in every way as nearly as possible to eradicate 
all moulds. 


229 



YEAST TECHNOLOGY 


Bacteria 

Few yeast technologists would disagree with the conclusion that 
the bacteria are the most troublesome of infecting micro¬ 
organisms. If yeast could be commercially produced completely 
free from bacteria, its keeping properties would be very greatly 
improved. 

Bacteria causing trouble in yeast processes fall into definite 
groups, which can be briefly categorised as follows: 

Bacteria capable of causing liquefaction in packed yeast. This, in 
a sense, is the most dangerous of the groups and includes organ¬ 
isms which soften and decompose yeast with the evolution of 
evil-smelling by-products (indole, skatole), organic sulphur com¬ 
pounds, hydrogen sulphide, and so on. For convenience these 
may be described as the '‘putrefactive group” of bacteria. In¬ 
cluded are bacteria of the Micrococcus and Flavobacterium groups 
which produce pigments of various kinds, usually yellow {e,g. 
M. flavus, M* variant), occasionally red (M, roseus), or white (M. 
Candidas), and Achromobacter species, together with organisms 
capable of growing and producing acid upon Mackonkey agar 
(probably non-intestinal forms of the coliform type such as 
Escherichia freundii with a natural habitat in water, dust, etc,), and 
other organisms, including, for example, Proteus vulgaris. Aero - 
barter species (e.g. A. aerogenes and A. cloacae). Pseudomonas 
species and Bacillus pyocyaneum, B. fluorescent Uquefaciens. Many 
of these organisms arc capable of liquefying gelatin. Some thrive 
in alkaline conditions and produce ammonia and organic amines 
from the substrate. No decaying yeast sample is free from these 
organisms. The yellow skin sometimes found upon yeast is usually 
due to the growth of yellow Micrococa. These organisms thrive 
best under aerobic conditions, and yeast liquefaction usually com¬ 
mences upon the outside of the cake (or in a crack); however, most 
of the organisms are at least weakly facultative, and if yeast were 
stored under anaerobic conditions the organisms would still remain 
active, B t prodigiosus (the causal organism of “bleeding bread") 
can upon occasion be found in yeast and is a member of this group 
of putrefactive bacteria. Certain other types of organisms which 
are not putrefactive bacteria in the true sense but which do break 
dow r n proteins and peptones to yield ammonia and organic amines 
have to be included in this group because of this alkali-forming 
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nature; these include the aerobic spore-forming organisms B. 
subtilis and the B. nmentericus group. The mesentericus group is 
particularly undesirable because of its capacity to form "ropiness 1 ' 
in bread, Fortunately, however, organisms of this type cannot 
grow at pH values below S O and they can therefore he easily 
controlled. 

Organisms which interfere with assimilation. The composition of 
the nutrient solution in which yeast is grown is such that very little 
inhibition is offered to any organisms which thrive under conditions 
of violent aeration, There is no inhibitor such as hop antiseptic 
in brewers' fermentations. All kinds of aerobic and facultative 
bacteria may be found in a yeast assimilation, including many of 
the common Lattobacteria and Lactococci, Acetobacter species, and 
a whole miscellany of other bacteria including B . tnaeerans t 
Leucono&toc- type organisms, etc, (See Figs. 50 and 51.) 

Small numbers of any of these organisms have no particularly 
deleterious effect upon either the assimilation or the finished 
yeast. A total count of up to 5 or 10 million bacteria per gram 
of finished yeast could be tolerated (these figures are for final- 
stage yeast, of course). Counts greater than this, however, soon 
lead to trouble, sometimes serious. These organisms behave in 
several ways, all of which lead to the same result. Some of the 
bacteria rapidly capsulate or exude bacterial mucilages during 
their growth, and yeast cells become entangled in the capsules. 
In this way clumps of yeast cells and bacteria arc formed w hich 
cannot be broken down. In such case, when the yeast is separated, 
washed, and pressed, the pressed yeast consists of a mass of 
lumps of bacteria and yeast cells and this compares very badly 
in dough-fermenting efficiency with norma! yeast (due, of course, 
to the greatly reduced yeast cell surface available in the dumps 
oi cells). Clumping of yeast cells leading to poor baking strengths 
is the mildest symptom of a high bacteria count. Sometimes 
the clumps of yeast and bacteria grow' so large that the assimilation 
may be ruined and must be discarded, representing a considerable 
economic loss. 

During the Second World War the author visited a factory at 
which conditions had been so uncontrolled that the yeast and 
bacteria after separation formed a slimy and viscous mass which 
it was impossible to filter even with the very coarse factory 
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filter-press cloths* Dozens of tons of yeast were lost before the 
trouble could be rectified and normal working restored* 

It is probably not correct to say that all non-putrefactive bacteria 
should be included in this second group* but as a common-sense 
precaution all bacteria should be treated as potential trouble 
makers in the assimilation stages. In a bacteriological examination 
o! yeast, therciore, it is satisfactory to enumerate infection due to 
bacteria as a total count of organisms and to enumerate putre¬ 
factive types separately. 

At all stages of the yeast-growing process, great care should be 
taken to keep infection from foreign micro-organisms to the 
irreducible minimum. The number of possible assimilation stages 
to which a process can be run depends entirely upon the micro¬ 
biological cleanliness of the system. In actual practice, the chances 
of introducing infection are such that a halt has to be called to the 
number of stages through which a yeast culture may be grown. 
An l .8 or F.9 stage is normally the commercial stage further than 
which it would be unwise to go, bearing in mind the micro¬ 
biological risks. [The F*8 stage is the eighth propagation stage in 
the yeast growth process (1).] (See Chapters 11-VI.) 

Once yeast has been packed its bacteria content increases 
rapidly unless the yeast is maintained at a low temperature. The 
bacteria content of a cake of yeast stored at 75*F. (24 & C.) has been 
observed to increase from 1 million to about 100 million per grm. 
after 10 days 1 storage. 

Causes of deterioration in packed yeast 

Yeast deteriorates upon standing in a warm atmosphere because 
of autolysis (i.e, self-breakdown by means of intracellular enzymes) 
of the cells, aided by breakdown by extracellular enzymes secreted 
by infecting micro-organisms. 

Autolysis will take place without reference to external infection 
and is a function of the genetical characteristics of the yeast cells 
themselves. Some yeast cultures, therefore, give packed yeasts 
with better “storage lives” than others and a prolonged search 
has to be made for yeasts having good characteristics of this kind. 
1’here is evidence that the nutrition of yeasts has much to do with 
keeping properties; it has been found, for example, that shortages 
of pantothenic acid lead to early cell breakdown with production 
of noxious odours* 
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1*ig, 47. —Outer portion of large filamentous wild yeast colony on 
AgAV plate. ( UK).} The original colony was about l cm. in diameter 

anti consisted of dozens of radiating portions, of which only three are 
photographed. Typical appearance of culture yeast colonies in the 
medium can be seen; two. for example, are indicated by the arrows. Such 
Colonics consist of small groups of ft few dozen cells only. 



Fit;. 48.—Portion of colony of another filamentous wild yeast type 
on agar plate. ( 100.) (A few culture yeast colonies may also be noted; 

sec arrow, for example.) 

(/ Vf of(» trie rag raph Pigs. 17 and l '' by Kenneth B. Parry , Institute 
of Brewing It fsearch Laboratories) 




* Jti ' ^1' ^ ure Culture (st typical lactic tods frequently encountered 

baiters 7 yeast. 

W-Zl by Courtesy af WitiknUm Laboratories.) 


LJ] 


fic. 49 .—Mycoderma type non-culture 
yeasts* 


I' ig, !„■—Jinkers’ veast contaminated 
with rod bacteria. 



■yw 


mi. 



I'ig. 52.—Agar plate culture of decomposing 
yeast, highly infected with bacteria.. (X 100.) 
(About 60 colonies of bacteria of various types 
arc visible. The feebly growing culture yeast 
colonies consisting of only a few cells can be 
seen with difficulty; three such colonies are 
indicated by the arrows. Other colonies upon 
the plate occur at higher and lower levels 
invisible in the photograph. The sample con¬ 
tained about five thousand million bacteria per 
gram.) 



non-filamentous wild yeasts, together 
bacterial and culture yeast colonies, ( * 

(As usual the small culture yeast colonies art 
distinctive, and the bacteria colonies stand on 
by reason of their refrangence, The arro^ 
points to a bacterial colony. The two i)P e * ° r 
non-filamentous wild yeasts of greatly differing 
sized colonies contrast sharply with the cultur 
yeast colonics,) 



I'ic. 54.—Agar plate culture showing growth promoting action of 
bacteria upon colonies of culture yeast. ( > 100.) (This effect is seen 
only occasionally. The bacteria have obviously provided materials 
which have encouraged the yeast colonies in the vicinity to growth 
far larger than the normal colonies seen farther away. The culture 
yeasts may, in these circumstances, he mistaken for non-filamentous 

wild yeasts,) 

{Photomicrograph Figf, $2-54 by Kemieth B, Parry p Institute of 
Brewing Research Laboratories.) 
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When another variable factor—breakdown due to infecting 
micro-organisms—is added to the above, it can be seen that the 
problem of the storage life of yeast is a considerably complicated 
one. 

Methods for the estimation of infection 
Microscopic technique 

The problem of detecting and estimating infecting organisms 
in yeast samples is one upon which an extraordinary amount of 
work has been done- This has shown, perhaps, that a compre¬ 
hensive single method cannot be found and that a combination ol 
procedures should be followed to give a reasonably satisfactory 
picture. The problem has been one in which brewers have long 
been interested; the methods followed in the brewery have always 
appeared to the writer to be far more qualitative than quantitative. 
An enormous amount of very fine and necessary work has been 
carried out upon the types of infection found in the brewery and 
upon morphological and staining characteristics of these organisms. 
Indeed, methods have been worked out by which infecting 
organisms may be enumerated relative to the yeast cells present 
by differential staining techniques. In the author's opinion, how¬ 
ever, such methods are relatively useless and, particularly in the 
examination of seed-yeast stages which should contain very little 
infection, fail to face the infection issue squarely* 

A preliminary examination of the problem will be valuable at 
this stage. A 1-grm. sample of a normal yeast contains 400(J 
million to 10,000 million yeast cells, depending upon the size of 
the individual cell, A count of 5000 million cells per grm. may be 
taken to represent an average figure. To remain safe from the 
point of view of bacterial infection, the total bacteria count of a 
final stage commercial yeast (say, the b.8 stage) should never be 
allowed to rise above 10 million organisms per grm. of yeast This 
represents one infecting cell per 500 yeast cells, Some of the most 
unpleasant of the bacterial infections of yeast are coccal in form 
and often only about 0T-0-2 micron in diameter compared with 
the 2^4 microns of the yeast cell* In addition, much small 
granular material is to be found in a normal yeast in which such 
organisms can easily be obscured. The microscopic method of 
counting, therefore, under conditions of the heaviest degree of 
bacterial contamination which should be tolerated must be able to 
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detect 1 organism, probably of very small size, in the presence 
of 500 yeast cells, and perhaps with considerable foreign matter 
present further to obscure the issue. It is perfectly true that 
suitable staining (preceded by treatment of the specimen with 
1 per cent caustic soda to soften and dissolve foreign matter) 
assists in the picking out of infecting organisms, but even so, the 
task of detecting such organisms is very difficult indeed and is not 
to be recommended as the best method available. 

The method is further complicated by the fact that the micro¬ 
scope does not differentiate living and dead bacterial cells. Micro¬ 
scopic examination of a yeast brew deliberately “soured" with 
Lactobacilli {e.g> L detbriicku), containing a host of dead lactic 
organisms, gives no indication whatever of the degree of con¬ 
tamination of the yeast by living bacteria. 

1 he value of the microscopic method is still further diminished 
v\hen the examination is carried out upon seed yeasts. It would be 
extremely unwise to use a yeast as seed for a commercial stage 
assimilation if the total count were greater than 1 million bacteria 
per grm, In this instance the microscopic method would have 
to detect 1 infecting cell in every 5000 yeast cells. Even the 
strongest protagonist of microscopic methods must surclv regard 
this as impossible, 

Summing up, therefore, the microscopic method of yeast 
examination is quite unlikely to be of use in the examination of 
seed stages prior to commercial stage yeast. It has some limited 
use in enumeration of infection in commercial yeasts, particularly 
it these are heavily infected, but is unlikely to be able to detect 
with accuracy infection at the rate of less than 50 million cells per 
grm. of yeast. 

Many years of experience have indicated that infection by 
bacteria multiplies tenfold in every stage of development, although 
greater or smaller increases can be found, depending upon the 
local conditions and t of course, upon the exact types of infection. 
At this level of increase a total bacteria count at the F,8 stage of 
1!) million would be equivalent to a count of 1 million at F.7, 
0-1 million at F.6, 001 million at F.5, and so on. It is very desir¬ 
able, therefore, to have a method which is able to detect very small 
numbers of infecting bacteria in small quantities of yeast, especially 
in seeding yeasts or even in the yeast culture. One such method is 
the yeast water-sugar-alcohols incubation test described below. 
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Growth in a differential liquid medium 

Medium . ( Yeast water with “utifermentahle* sugars and alcohols t ) 
Ten grm, of l4 Difco M Yeast Water Extract are dissolved in warm 
water. 'To the solution are added 5 grm. of raffinose, 10 grm, 
of lactose, 5 grm. of mannitol, and 5 grm, of glycerol, and the 
whole is made to 1 Hire, filtered bright if necessary, and filled into 
bacteriological test tubes (10 ml, in each). 

Preparation of yeast for inoculation. The precise amount of 
yeast used depends entirely on the stage at which the yeast is taken. 
The test is capable of detecting 1 bacterial cell in 0T grm, of 
yeast (sometimes even in 1 grm. of yeast), and thus quite a large 
yeast inoculum can be made. All yeasts at early stages exist in the 
form of suspensions in wort or as creams. In such cases the samples 
are taken with ordinary precautions in a sterile vessel, and the 
amount of yeast in suspension is estimated by one of the usual 
methods upon a duplicate sample, A small quantity of the yeast 
suspension is then diluted by means of a sterile bacteriological 
pipette with 0 + 5 per cent sterile sodium chloride solution to give a 
suspension of such strength that 1 mb can be directly inoculated 
into a 10’Tnl. tube of the culture solution. The most rigid pre¬ 
cautions arc taken to exclude foreign organisms in the normal wav. 

Sometimes several inoculations may be required if the amount 
of infection is to be estimated approximately. If, for example, the 
degree of infection in an F.8 stage yeast were being examined, it 
might lie within the range 100,000 to 100 million bacteria per 
grm. of yeast. In this case, the solid yeast would be taken by 
scraping off 1 grm, from the inside of a cake of yeast with a 
sterile spatula and weighing in a sterile beaker (fitted with a lid) 
under good aseptic conditions. The yeast would be mixed with 
1 litre of sterile saline solution to give a 1 in 1000 preliminary 
Suspension, Further dilution into 100 ml. of sterile saline would 
give the 1 in 100,000 dilution, and progressive further dilutions 
into 10 ml. or 100 ml, saline would be made to yield dilutions of 
1,10*, 1, r 10\ and 1 y 1.0® grm, of yeast per 1 ml. of saline, 
1 ml, portions of these being inoculated into tubes of the test 
medium. 

Operation of the test. The principle of the test is that the yeast 
suspension is inoculated into a medium which contains no sugars 
fermentable by yeast but which does contain yeast extract, 
raflinose, lactose, mannitol, and glycerol, materials which have been 
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found by prolonged experiment to support the growth of the vast 
majority of the common bacteria which may infect yeast* It must 
be ensured that no sugar fermentable by yeast is introduced by 
the inoculation (especially if a wort suspension is used). 

The tubes are incubated at 30 C C, and examined after two, three, 
and four days. If no infection is present, the yeast settles down 
in a layer at the bottom of the tube (with a small deposit around 
the sides), and the solution is generally very bright and clear* 
Presence of bacteria is almost always readily detectable by the 
presence of bacterial haze or pellicle upon the surface. In all 
cases the contents of the tube are microscopically examined for 
verification of contents (culture yeast is, of course, always present). 
Certain wild yeasts are able to multiply well in the medium and 
may cause some turbidity. 

This test is not claimed to show up all possible infecting bacteria, 
but it will demonstrate the presence of most normal infecting 
organisms encountered in common practice* It is of interest upon 
some occasions to carry out the test under anaerobic conditions to 
enumerate anaerobes. This can be done by pouring a thick layer 
of sterile liquid paraffin upon the medium after inoculation. 

Plating techniques 

Plating techniques are of limited value unless the growth of 
culture yeasts is reduced to a minimum. This is done by omitting 
any fermentable sugars from the solid culture medium* The 
addition of a small quantity of sodium chloride (0-3-1 *0 per cent) 
is also useful m this connection, the precise amount depending 
upon experience with the culture yeast in use. 

The quantity of yeast used In the test depends largely upon the 
amount of infection present or likely to be present, It is quite 
possible in this test, however, to examine as much as 0-0002 grm. 
satisfactorily. Although it may be necessary to reduce this to a 
half or even less on occasion, the method given here will employ 
this quantity of yeast for purposes of illustration. 

Medium , Ordinary “Difco*’ Bacto Nutrient Agar is used, with or 
without addition of a little “Difco” Yeast Water, sodium chloride, 
and possibly proteose peptone* The composition has to be 
experimented with to produce the most suitable medium for the 
local conditions. For example* 23 grm. of “Difco M Bacto Nutrient 
Agar* 8 grm. of rock salt, 2 grm. of “Difco” Yeast Extract* and 
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5 grm, of proteose-peptone are dissolved up into 1 litre in the 
normal way and tubed off into 10 ml portions. 


Test. Two grams of the yeast are weighed out under sterile con¬ 
ditions as previously described and suspended into 100 ml of 
sterile 0-5 per cent saline solution. A 1 ml portion of this sus¬ 
pension is taken (after standing for I hr. to allow separation 
of bacteria and yeast cells) and introduced into a further 100 ml 
of saline to give the required dilution (I 5000), One ml of this 


suspension js then inoculated into a tube of agar medium (pre¬ 
viously melted in boiling water and cooled to 40 C.), well dis- 
persed, and immediately poured evenly into a standard size sterile 
letri dish. The medium is allowed to set, and the plate is In¬ 
cubated upside doivn at 30 C. and is “counted 1 * after 72 hr. (or 
3S desired). (In certain cases it may be desirable to duplicate the 
test lor incubation under anaerobic conditions.) 

Counting the plate ♦ Considerable experience is required to 
obtain full value from the plate which no description can give. 
The plate is first examined by the naked eye (aided with a x3 
magnification lens), and in this way putrefactive bacteria, moulds 
and macro colonies of wild yeasts are counted. The culture yeast 
colonies are mere specks and do not interfere with counting. Next 
the plate is rigorously examined by strong transmitted light with 
the aid of the low power of the microscope (50-100 magnifica¬ 
tions), with the bottom of the plate nearest the objective This 
examines a Odd whose size can be calculated and compared with 
the total area ol the plate. The total number of bacteria (and wild 
yeasts if these are numerous) are counted in a definite number of 
fields chosen evenly over the plate. From the density of infection 
per field, the total count can be calculated. Bacterial colonies 
under these conditions usually show up distinctly when the stage 
illumination is correct and can easily be counted upon each field 
(lig, 52). They arc sometimes extremely small, and great care is 
on occasion required if they are not to be missed. Unfortunately, 
* ome of the most dangerous types often do give small colonies 
e some of the Lactococd). Bacteria can often escape detection 
by forming “mixed” colonies with yeasts. Such mixed colonies 
are detected by an unnatural glint or refrangence under correct 
lighting (Fig. 53). For confirmation, they may be picked out on a 
* tan e wire, squeezed on a slide, and examined under high power, 
borne species of wild yeasts form colonies only little larger than the 
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culture yeast colonies, but the typical appearance of the latter 
must be so thoroughly memorised (by reference to plates pre¬ 
pared from a pure culture) that the advent of "strangers” is 
immediately detected- Putrefactive bacteria usually show up as 
large colonies, particularly if on or near the surface, and with 
experience can be enumerated separately. They produce sub¬ 
stances which are readily detectable by smell It is interesting 
to note that culture yeast colonies sometimes appear considerably 
larger than normal when in the proximity of certain bacteria 
colonies (Fig- 54). This is probably due to the production of 
growth-stimulating substances by the bacteria. Antibiotic action 
of some bacteria colonies upon the yeast colonies can also, on 
occasions, be observed, when the yeast colonies fail to grow in the 
neighbourhood of the colonies of bacteria. 

It is of considerable advantage to incubate plates in the 
ordinary way and also under anaerobic conditions and to compare 
the total count and types of organisms grown under both sets of 
conditions. There seem to be few organisms which are significant 
in the yeast process, however, which do not show up when 
incubated aerobically. 

Calculation of total bacteria count. An example will illustrate 
this: 

Area of Petri dish= r ”X(45) 2 sq. mm-=6365 sq, mm. 

Area of microscope field=2'546 sq + mm. 

Total number of microscope fields per plate=2500. 

Number of bacteria per field (average 50 field$}=2. 

/, Total number of bacteria on plate—5000. 

Yeast inoculum on plate=00002 grm. 

t \ Total bacteria count—25 million per grm. 

An example of a typical biological analysis of a yeast is as 
follows: 

Total bacteria count=25 million per grm. 

Putrefactive bacteria=004 million per grm. 

Total wild yeast infection—0-64 million per grm. 

(Of this 0-35 million consisted of filamentous wild-yeast types; of 
the remainder 0 05 million consisted of Rhodotorulae and the rest, 
024 million, were non-filamentous wild-yeast ty pes.) 

Total mould=0-04 million per grm. (mainly Oidium lactis )- 
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Special tests for detection of special types of organisms 

Mycoderma{2) 

Liquid medium; 

1 per cent sodium acetate, 

1 per cent ammonium chloride, 

0-5 per cent glucose, 

0-3 per cent "Difco” Yeast Extract at pH 5o. 

Mycoderma absent if no him formation in five days. 

Qtdium kctis( 2) 

Plate suitable dilutions in a medium containing: 

I per cent sodium acetate, 

1 per cent ammonium chloride, 

1 per cent agar, 

0 1 per cent KHJ , O ilJ 

0 j 01 per cent calcium chloride, 

0-03 per cent MgSO,. 71 LG, 

01 per cent sodium chloride, 

0 01 per cent ferric chloride. 

Colonies of Otdia develop, but yeast does not grow in this 
medium. Certain bacteria also yield small colonies which are 
readily distinguishable. 

Incubate for 4 days at 30"C 

(NotB. —Oidium and Mycoderma species grow quite satisfactorily 
upon the solid medium previously described, and this can be 
employed for their quantitative detection,) 

Sulphide-producing micro-organisms. Sulphide-producing micro¬ 
organisms are objectionable m that they break down yeast sulphur 
compounds with the evolution of hydrogen sulphide. They should 
be detected by adding a small amount of yeast (e.g, 0 001 grm.) to 
a tube of meat broth with a high organic sulphur content. Hydro¬ 
gen sulphide evolution is checked after 2 to 4 days' incubation at 
30 C. bv the lead acetate test. Alternatively, ferric citrate may be 
used as an internal indicator for hydrogen sulphide by adding 1 ml, 
oS a i p er cent sterile solution to 10 mb of broth just prior to 
inoculation with the test material. 
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Tests on process materials> etc, 

A regular routine should be set up to check the biological purity 
of all materials, worts, etc,, used in the process. This obviously 
has to cover the particular type of system in operation, but the 
following should always be done, 

1 east stages. The solid yeast, yeast cream, or yeast-containing 
wash alter fermentation should be checked regularly in every stage 
from culture to final commercial stage yeast and the increases in 
infection noted. Checks of the microbiological counts before and 
alter separation, before and after storage of cream, before and 
after filter-pres sing, mixing, etc., will give suitable guidance upon 
entry of infection from these sources. 

Cooling materials. The cooling materials used in fermenting 
tanks, yeast cream storage tanks, etc., should be examined regularly 
in case of leakages in welding. Such leakages can cause a great 
deal of trouble, especially In seed-yeast stages. 

Molasses wort, A 1-mL sample should be plated directly Into the 
Bacto Nutrient Agar medium used for the yeast examination and 
incubated lor 48-72 hr. before counting. If a wort cooler and/or 
separator are used in the system, counts should be made regularly 
on the wort before and after it passes through this equipment to 
check Sts sterility. 

Chemical feed solution. The sterility of the solution of ammonium 
hydroxide and ammonium sulphate is regularly examined, 1 mb 
being plated upon nutrient agar after neutralisation with sterile, 
dilute sulphuric acid. 

Fermenting vessels, pipes, storage tanks for yeast cream , etc. The 
cleanliness of this equipment must be checked regularly, preferably 
by swabbing the surface with a swab suspended in sterile saline 
solution. The swab is then plated on to nutrient agar containing 
sterile molasses wort to demonstrate the presence of yeast-like 
organisms in addition to bacteria. 

Air , It is necessary to maintain a close watch upon the cleanli¬ 
ness of the factory compressed air by any of the recognised 
methods. 

Sterilisation of equipment 

T here is nothing, generally speaking, nearly as satisfactory' as 
steam for sterilising purposes. Modern fermenting vessels, cream 
storage tanks, etc,, can profitably be built to withstand mild steam 
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pressure and thus become autoclaves in which sterility can be 
readily achieved. Similarly piping conveying yeast wash to 
separators and other piping, when not actually in use, can often 
he lagged and become part of the factory steam distributor 
system. 

The interior of fermenting and all other vessels should pre¬ 
ferably be highly polished. This greatly helps cleaning operations 
and reduces possibilities of occlusion of contamination on rough 
surfaces. It is particularly important to have smooth, polished 
surfaces if chemical sterilising agents are to be used instead of 
steam. Some chemical sterilising materials are extremely efficient, 
including formalin, sulphur dioxide and hyposulphites* hypo¬ 
chlorites, and the new quaternary ammonium compounds. The 
last mentioned hold much hope for many purposes in the food 
industries and are effective but at the moment very expensive. 
Hypochlorites arc fine sterilising agents but extremely corrosive. 
Sulphur dioxide may have some application as p gas for attacking 
places awkward to reach by other means. Formaldehyde, too, can 
be used as vapour and is a good sterilising agent but suffers from 
the disadvantage that it hardens proteins and can thus form 
layers which may occlude viable sub-surface infection. 

before using the chemical sterilising agents it is essential to 
clean the surfaces to be sterilised completely free from grease, wort, 
yeast, etc,, by swilling or brushing with detergent solutions. 

A great future is undoubtedly m store for disinfection of air 
(and, in some cases, surfaces) by ultra-violet irradiation. This can 
be extremely effective in certain connections but must be used 
with due precautions for the protection of operators against the 
irradiation. 

A very comprehensive discussion (with a huge bibliography) of 
the action and properties of all the common detergents and 
sterilising agents has been published by C. G. Dunn(5) and this 
paper is recommended to all who are interested in cleaning 
problems in the iood and fermentation industries. 

Microbiological control in beer breweries 

1 his subject has been discussed by S. R. Green and P. 1\ 
Gray(3), who outline a method using traces of antibiotics to 
suppress yeast growth in plate culture, Actidione and Myco- 
suhtil]n were found suitable for this purpose. Actidione has also 
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been found suitable to suppress yeast groivth whilst enabling 
bacterial growth to proceed by F. EL Strandskov and J, B. 
BockeImann(4). 

Summary 

Methods available for the estimation of microbiological infection 
in yeasts are critically examined. These include methods using 
microscopic techniques; although useful to some extent they have 
very severe limitations which are thoroughly analysed. Far more 
delicate methods are described using differential liquid and solid 
media; these methods can, in certain cases, detect extremely low 
incidences of infection in yeasts which would escape detection by 
normal brewery microscopic methods. Types of infection com- 
monly encountered in the production of yeast are described. 
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CHAPTER XVIII 


THE EFFECT OF AERATION AND OTHER FACTORS 
UPON YEAST GROWTH AND FERMENTATION 


Introduction 

T he great importance of the aeration of wort to the correct 
propagation ot yeast in the brewing of beer was recognised 
b} Pasteur (1), who showed that oxygen was necessary tor normal 
yeast reproduction although excessive aeration of beer wort was 
undesirable from the point of view of flavour in the finished beer. 
'1'his necessity for oxygen in the growth of yeast was confirmed 
by other workers such as Delbruck and Hayduck(2) and 
VWndisch{3). The last named author concluded that over- 
vigorous aeration of fermenting worts led to conditions of weak¬ 
ness in the yeast. 

Quantitative studies upon the effects of aeration on the growth 
and fermentation of yeasts have been given little serious con¬ 
sideration in the literature. It has been recognised for many years 
that vigorous aeration is necessary for the production of a high 
) ield of yeast and this principle is, of course, the basis of the great 
food and feed yeast producing industries which have developed 
into such importance during the last thirty years or so. In these 
industries yeast is propagated in worts which are maintained In a 
state ot great agitation by means of tremendous air streams— some 
processes employ an airflow of several thousands of cubic feet per 
minute for fermenters with a liquid capacity of 10-20 thousand 
8? ,s - II is recognised, in a general way, that high yeast 
yields m practice are obtainable only when the concentration of 
sugar m the fermenting wort is kept very low, and this is main¬ 
tained in practice by feeding the sugar-containing material 
into the fermenter in small quantities by means of incremental 
leedmg devices. Such devices have been described in Chapters 
h growth in modern processes is arranged so that 

an hour ly modulus of increase of about 1-15 in yeast quantity is 
produced and the sugar-containing wort is added in such a wav 
as to produce this rate. Such wort feeds are increased gradually 
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upon an exponentially-increasing basis to keep precisely in step 
with the exponential yeast growth. 

Any work upon quantitative aspects of yeast growth published 
prior to the last ten years must now be regarded with some degree 
of caution, in as much as before about 1940 little was known of 
the needs of yeast for the nutrilites. Studies upon yeast growth 
published without a reasonably adequate knowledge of all the 
important nutritive requirements must naturally be suspect from 
the start, as the media used for such work would, probably, have 
been inadequate to maintain good yeast nutrition, 

W hite and Munns have surveyed the nutrilite requirements of 
a strain of baking yeast (Saccharomyces cerevhiae type) and have 
discussed the significance of nutrilites in the production of com¬ 
pressed yeast together with methods worked out for assaying 
the nutrilite activities of the various raw materials used in brewing 
and yeast manufacture. (See Chapters VIII, IX, and X.) It 
was shown that, with optimal concentrations of nutrilites and 
inorganic materials in the medium and with optimal aeration and 
wort feed, a yield of 210 per cent of yeast containing 27 per cent 
dry matter (and 47 per cent of carbon on dry matter} could be 
produced upon the sugar added. Natural sugar-containing 
materials were shown to contain considerable quantities of organic 
non-sugar substances which could be assimilated by yeast under 
conditions of vigorous aeration so as to give higher yields of yeast 
than would normally be expected from the sugar content alone. 
Yields, therefore, of up to 22S per cent on sugar were obtain¬ 
able from beet molasses, fortified with the necessary nutrilites. 
Large amounts of assimilable non-sugar substances were found 
to be present in malt worts. It can be seen from the above, 
therefore, that to obtain precise information upon yeast growth 
problems it avoids considerable confusion of ideas if a synthetic 
medium can be used for such work, with the proviso that the 
medium should be complete in containing all the inorganic and 
organic requirements necessary for the nutrition of the yeast. 
Such a medium has been used in the present studies and it is 
doubtful if such studies could be successfully carried out without 
the previous knowledge of the nutritional requirements of the 
yeast. 

It is of interest to emphasise at this stage the nature of yeast 
growth in wort. Although in its broadest sense the word 
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“fermentation 5 ' can be taken to mean the breakdown of sugar by 
the enzymes of the yeast, it is probably desirable in yeast and 
brewing problems to restrict the use of this term to the reactions 
in which sugar is broken down into alcohol and carbon dioxide, 
according to the Gay-Lussac equation, C t H 12 Q fl =2C*ILQH + 
200*. This is the sense in which most members of the brewing 
industry interpret the term and it is desirable to use it here 
as distinct from the term “assimilation”, which is kept for the 
process by which sugar is converted into yeast solids without 
the production of alcohol, Recent work (see Chapter VIJJ) 
has indicated that, even under the best assimilative conditions, 
one-third of the carbon of the sugar molecule is lost—indeed 
a good yield of carbon dioxide has been recovered with high 
sugar assimilation into yeast. This work, briefly, suggests that 
as much carbon dioxide is produced under the best conditions 
tor assimilation as in the conditions most favouring purely 
anaerobic fermentation—that is, production of alcohol without 
growth ol yeast. This indicates that the large amount of work 
which has been published using the production of CG., as a guide 
to the degree of fermentation is based upon a misconception- 
yeast growth or assimilation produces quite as much CO,. Total 
( 0, production must, therefore, be a measure of fermentation plus 
assimilation of sugar. To use the evolution of C0 3 as a guide to 
It. 1 ]mentation is just as incorrect as to use disappearance of sugar 
for the same purpose—the sugar usage can be divided into two 
portions—that used to produce new yeast substance by assimila¬ 
tion and that portion which is fermented into alcohol. This point 
is re-examined below. 

In the beer brewery, the usage of the sugar in the malt wort from 

uhich beer is made can, therefore, be divided into two portions_ 

the larger portion is fermented to produce alcohol, but a smaller, 
hut still considerable, portion is assimilated to form the yeast 
crop, A very small amount of sugar is used in the production of 
by-products (e.g r glycerol, succinic acid, etc,) but this fraction is 
small enough to be disregarded in studying the broad picture. As 
previously stated a proportion of the yeast crop is produced from 
the assimilation of non-sugar carbon-containing substances from 
the malt wort. Records of yeast yields in brewery fermentations 
are not easy to And in the literature and it would probably be of 
considerable practical use if each brewery kept accurate records 
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of the amount of yeast grown in each brew in addition to the 
alcohol yield, which is, of course, always recorded* Such figures 
should be of considerable assistance in keeping in focus the losses 
of sugar which become assimilated into yeast substance* They 
might also assist greatly in controlling the aeration levels em¬ 
ployed, for it may be seen in the following text that, with all other 
conditions being constant, yeast yield depends upon aeration 
efficiency. 

The amount of wort aeration employed in brewing systems 
varies considerably in various countries. Windisch, for example(3) 
has pointed out the relatively high degree of aeration used in 
English brewing processes compared with the normal German 
procedures. The present study aims at presenting a general 
picture of the effect of aeration upon yeast growth to settle 
a general problem which is of academic interest and of consider¬ 
able practical importance, both to brewers and to manufacturers 
of compressed yeast. There are no doubt variations in the 
air requirements amongst varying species and strains of yeast, 
and the studies described here were carried out using a strain of 
Saccharomyas cerevisiae which is very suitable for baking purposes, 

Reference should be made at this point to the recent w T ork of 
Olsen and Johnson(4) in which some reference to the effect of 
aeration and its influence upon yeast yield is made, The present 
chapter has as its subject a much wider field than that surveyed by 
Olsen and Johnson and some important differences from the re¬ 
sults given by these authors have been found. The most significant 
finding of Olsen and Johnson, widely abstracted in the technical 
literature \e*g. (5) is that at high aeration efficiencies yeast yields 
are actually decreased* 

General field of investigation 

The following fundamental questions w ere investigated: 

(1) Can yeast grow in the complete absence of oxygen? 

(2) What is the effect of increasing oxygenation of a wort upon 
the yield of yeast? 

(3) Is aeration simply a matter of supplying dissolved oxygen or 
are other factors involved? 

(4) What is the maximum yield of yeast obtainable from sugar 
and how much oxygen is required to obtain this yield? 

246 



EFFECT OF AERATION U TON YEAST GROWTH 

(5) Can too much oxygen be supplied, resulting in decreased 
yeast yields? cf. reference (4)\ 

(6) How is the rate of yeast growth affected by oxygen? 

(7) How is the rate of fermentation affected by oxygen? 

(8) What is the maximum rate of growth compatible with 
optimum yield? 

During the course of the lengthy investigation of the above it 
was soon found that some of these questions can be answered 
definitely only when the concentration of sugar in the medium is 
specified. Experiments had to be carried out over a wide range of 
sugar concentrations and the following problems had also to be 
settled; 

(9) Is it possible to prevent fermentative breakdown of sugar in 
relatively high sugar concentrations by high aeration, thus obtain¬ 
ing optimum yield of yeast? 

(10) At what maximum sugar concentration can optimum yeast 
yield be ensured? 


Mathematics of Yeast Growth 

It has long been recognised that under certain conditions micro¬ 
organisms can develop exponentially; the term "logarithmic 
phase 11 of growth therefore needs little explanation. It may be 
recalled, however, that A, Slator(U) showed that there is a 
logarithmic phase in the growth of yeast, where if A r is the number 
of cells seeded and n is the increase in cell number at the end of 
time t t then where k is a constant for the particular 

yeast used and the growth conditions employed, In brewing 
problems many investigations have shown that the logarithmic 
phase is often preceded by a lag phase and followed by an inhibitory 
phase, the whole course of growth being represented by the well- 
known S-shaped curve. R. S. W. Thorne(12) has analysed the 
growth of brewery yeast; mathematical treatment has shown that 
the course of such growth could be represented by a logistic 
relationship. The amount of yeast Y present in a fermenting 
unit at the end of time t is given as; 
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where b and c are constants represent ingj respectively, height, 
position on the time axis, and slope, of the logistic curve. A. Tait 
and L. Fletcher(13) had previously shown that the duration of 
the lag phase was dependent on the age of the yeast, and that 
little or no lag was shown by vigorous seed yeasts* These authors 
further showed that progressive decrease in growth rate accom¬ 
panied the accumulation in the medium of products of growth; 
vigorous yeast growth thus gives way to the inhibitory phase. 
Increasing carbon dioxide and ethyl alcohol concentrations were 
responsible for reductions in the growth rate, and Thome later 
showed(14) that several higher alcohols, some of which are 
produced during fermentation by breakdown of amino acids 
according to the Ehrlich mechanism, inhibit yeast growth. 

1 he results of growth studies, in which bakers' yeast was 
propagated with vigorous aeration under the nutritional conditions 
stated below, suggest conclusions which differ considerably from 
those drawn from brewing studies. Employment of vigorous 
"non-incremental” seed yeast (see Chapter XXXI) has shown 
that a lag phase does not exist* Also, the conditions employed 
never permit the concentrations of ethyl alcohol and carbon 
dioxide to rise above very small figures, and other by-products 
of growth arc in such small amount (traces only of glycerol and 
succinic acid) that it is improbable that growth is reduced by 
inhibitory action* The present studies are carried out in synthetic 
media and the question of amino acid degradation does not there¬ 
fore arise. Even in large scale fermentations in a molasses medium, 
amino acid degradation products are produced only in small 
amount, and if the yeast is supplied with a sufficiency of assimilable 
carbohydrates, mineral salts and nutrilite factors, growth takes 
place in a logarithmic phase only* Typical growth time curves, 
as plotted on logarithmic paper, are shown in Fig. S3. In such 
work it is useful to plot yeast quantity against time on semi- 
logarithmic-scale paper on which logarithmic growth appears as 
a straight line. This obviates the need for using tables of logarithms 
in reading the actual amounts of yeast present at any stage of the 
fermentation. 

Previous work on yeast growth has usually been directed to¬ 
wards studying the rate of yeast growth without reference to 
both the rate of sugar usage and the rate of fermentation (i,e. 
production of alcohol and carbon dioxide as opposed to assimilation 
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of sugar to form new yeast). Mathematical treatment is used 
In the present chapter in an attempt to correlate these variables. 
Two of the chief factors influencing growth and fermentation 



I’ic, 55.—Influence of biotin content of medium upon progress of yeast growth 
at 30 G C, (Semidogarithmic scales.) 

(Notr.—E xponential nature of yeast growth in medium sufficient in biotin.) 
(liiotin content per 1100 ml. of medium as shown on the curves; other nutritional 
requirements satisfied.) 

when yeast is propagated in wort are the concentration of sugar 
present and the degree of aeration to which the wort is subjected; 
the etiects oi these factors are discussed in the present chapter. 
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1 he influence of temperature upon yeast growth and fermentation 
is discussed in Chapter XIX, 

The growth coefficient (r) # 

Under constant conditions of temperature and aeration, and 
with adequate supplies of nutrients, yeast increases in quantity at 
a rate which at any given moment is directly proportional to the 
amount of yeast present at that instant. If, therefore, A is the 
weight of yeast present at a given moment, the rate of yeast growth 
at that moment is rA where r is a constant factor for the particular 
conditions of growth, The coefficient (r) is expressed as grams of 
) east grown per hour per gram of yeast present. Such a system 
exemplifies the law of organic growth, being an “exponential” 
function similar to the law of true compound interest, and the 
amount of yeast which will be present after a period of time, t t 
must he calculated by the following equation which is fundamental 
for systems of this type: 

A=A Q .eK ...( 1 ) 

Here is the weight of seed yeast, A is the gross weight of yeast 
produced in time t and r is the growth coefficient. The rate of 
growth of the yeast can he obtained by differentiating the equation, 
thus: 

dA , „ 

— — r . A 0 , z rt —rA. 
d t 0 

I he factor r defines the speed at which each normal yeast cell is 
growing. I he influence on this factor of variations in T for example, 
aeration is clearly of great interest. 

The hourly modulus (H) 

Another factor which is of practical value in yeast studies is the 
hourly increase factor, H. If H equals 1-2, this means that 1 
S rm - of yeast grows to 1-2 grm. in 1 hr., to U2 2 in 2 hr,, to 
1-2* in t hr. 

Therefore, A=A 0 . H 1 . ,..{2) 

Combining this with equation (1) it will be seen that //=e f , from 
which it follows that r—log ( H* 

* This is the same /actor as the symbol M used in Chapter 1JJ. 
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Rate of assimilation of sugar (0*476r) 

Once the rate of growth of the yeast has been determined it is 
possible to calculate the rate at which sugar is being assimilated 
to form new yeast. It has been shown (Chapter VIII) that the 
yeast used for these studies assimilates two-thirds of the carbon 
from each hexose molecule for growth (as entirely distinct 
from the sugar which is fermented), the other one-third being 
eliminated as carbon dioxide. The yeast in question was found to 
contain on average 1 21 per cent of carbon on yeast with 27 per cent 
dry matter, the degree of dryness at which all yeast yields have 
been measured. One gram of invert sugar contains 0-4 grm. of 
carbon, and if only two-thirds of this is used to form yeast it 
follows that 0476 grm. of invert sugar is required to supply the 
0127 grm. of carbon in each gram of yeast. Now, since the 
formation of 1 grm. of yeast means the assimilation of 0476 grm. 
ol hexose a yeast growth rate of r (grm. per hour per grm. of yeast 
present) means a sugar assimilation rate of 0476r, This factor is 
most interesting, both as a measure of the fraction of the sugar 
used which has been assimilated (as distinct from that fermented), 
and in calculating the important ratio between sugar usage and 
oxygen supplied. 

The weight of sugar (y) assimilated in f hr. is 0-476 times the 
net yield of yeast during this period: that is, 

3^=0476 (A-A 0 ), y— 0476.>..(3) 

and the rate of assimilation of sugar at a given moment, f hr, 
from the start, is given by differentiating thus: 

^ =0476? . A 0 c rI , ^=0476^, ..,(4) 

d/ df 


The fermentation coefficient (j) 

l'he other important characteristic of the yeast is the rate at 
which, under the conditions of the experiment, it is fermenting 
sugar to alcohol and carbon dioxide. This is defined by the factor 
s % which signifies the number of parts of hexose sugar fermented 
per hour by each part of yeast. If the amount of yeast present 
remained constant, A a grm, of yeast would ferment s/l D t grm, 
of sugar in t hr. However, the yeast is growing continuously 
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during this period so that the amount of sugar (x) which is actually 
fermented in t hr, must be calculated by integration. 


dtf 

dt 


—^A=sA Q t rt . 


x=s „ A 0 e*dt 
J 0 


*= ...(S) 

1 he experimental determination of j for yeast fermenting under 
gnen conditions of aeration is rather more involved than might at 
first be expected, which, no doubt, accounts for the lack of pub¬ 
lished figures for fermentation rates of yeasts under various con- 
ditions of aeration. The values which can be determined experi¬ 
mentally are the amount of yeast grown in a certain time and the 
total amount of sugar which has been used up during the period. 
As ^as previously pointed out, some of the sugar has been 
assimilated and some fermented. Having measured the amount of 
veast formed and calculated the growth rate r, the weight of sugar 
assimilated y is obtained from equation (3}, Hence, the amount 
of sugar fermented (a*) can be arrived at and the fermentation rate 
r is calculated from equation (5), The two equations may be 
combined in the form: 

rt -l)- -(6) 

Here (.vH~JV h ) is the total weight of sugar used up and, when r has 
been determined, $ can be calculated* 

The velocity of sugar consumption is found by differentiating 
this equation with respect to /, 

■■ i +»■«)<". 


(*+j0 




+ 0 - 476 ^ ( 


Efficiency (E) 

In the production of yeast from sugar the maximum efficiency 
is achieved when all the sugar used is assimilated to form new 
yeast, none being wasted by fermentation. In this case, 100 grm, 
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of sugar yield 100 0476 grnrn of yeast, that is, 210 grnv of yeast. 
This represents LOG per cent efficiency. When some fermentation 
also occurs the efficiency E is determined by the ratio s r , which 
measures the relative speeds at which the sugar is being fermented 
and assimilated. 


Substituting values of y and (x+j) from equations (3) and (6), 

E (:j vj i c -7()) "' (8) 


Applicability of these equations 

It must he emphasised that the above equations are stricth 
applicable only to a system in which the yeast growth is truly 
exponential and the fermentation factor is not varying. If, during 
the course of the experiment, the amount of yeast present is esti¬ 
mated periodically and the figures graphed on semi-logarithmic 
paper h true exponential growth is indicated by a straight line, the 
inclination of which is determined by the factor r. Such a line is 
shown in Fig. 55, which illustrates yeast growth in 5-25 per cent 
invert sugar (5 per cent sucrose) solution, with adequate nutrients 
and an aeration of IF? grm. of oxygen per litre per hr. If T at 
any time, one or more of the nutritional factors becomes deficient 
the growth curve will fall away from the original line, as illustrated 
m ^ same figure for a similar experiment having insufficient 
biotin. Obviously, in this latter case it is impossible to apply the 
equations developed above. 

During the course of a yeast fermentation the aeration may be 
kept constant, but the amount of yeast present is increasing and 
the sugar concentration in the wort is decreasing. The ratio of the 
aeration to each of these values will, therefore, vary and will tend 
to alter the values of r and s. As these errors work in opposite 
directions they oifset each other to a large degree. Provided that 
the ratio of aeration to yeast present is kept above a critical value 
(Jee below) It will not cause serious departures from the exponential 
hue. Very low sugar concentrations produce striking changes in 
the growth and fermentation rates, but in experiments where all 
the sugar is present at the start such effects apply only to a short 
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period at the end, when the sugar is nearly exhausted. The main 
period of unrestricted growth as shown in Fig* 55 is a good 
approximation to the exponential line* 



Fro, 56,—Variation of yeast growth p $ugar usage and yeast yield (on invert 
sugar) with varying wort aerations, 

(Five per cent sucrose s 5 j 25 per cent invert sugar; seed yeast—03 gmi., with 
adequate nutrients.) SO^C. 


Incremental addition of sugar 

The foregoing calculations all apply to a yeast growing and 
fermenting in a wort which initially contains all the sugar* In 
order to obtain high yields of yeast from sugar it is necessary to 
keep the sugar concentration in the wort very low, and this is done 
in practice by adding small increments or “tips” of concentrated 
sugar solution at a rate which will keep pace with the require¬ 
ments of the growing yeast, Since the object usually is to 
eliminate fermentation entirely, the sugar must be so added 
that the growing yeast can assimilate the whole of one addition 
before the arrival of the next. Otherwise, sugar would first 
tend to accumulate in solution, and then be fermented waste- 
fully to alcohol. The calculation of the correct feeding rate lor 
the sugar solution can be based on the growth equations for the 
yeast, but obviously requires a knowledge of the value of the 
yeast growth factor r which corresponds with the aeration 
employed* 
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The problem usually presents itself in this form; 

y grm* of sugar are to be fed to the yeast in / hr* and it is 
required to calculate the amount of seed yeast and the 
correct feeding of the sugar to obtain optimum assimilation. 

If the correct value of r is known, the correct amount of seed yeast 
can he calculated directly from equation (3); 

j=G-476^(e*-l). 

The rate at which the sugar should be fed to the yeast is found by 
differentiating this equation: 

dj -0-476ivLe". 

d/ 


For example, if 100 grm. of sugar are to be fed in 12 hr, and a 
growth coefficient r of GT6 is to be used, the weight of seed yeast 
is: 



100 

0-476(e i:s * — 1) 


=36-1 


grm. 


The initial rate of sugar feed (i.e. when $=()) should be (O-476r.d L 0 
= 2-73 grm, per hr. This rate must be continuously increased 
so that after 6 hr. it is ()-476jvJ [l e°‘ ,Mi —7 + lS grm. per hr., and 
at the end of 12 hr. it is 0-476j^4 o e 1,&2 = l$-8 grm. per hr. 

A more convenient form of calculation for the sugar additions 
in practical working is to find the weight of sugar to be added 
during each hour, For this purpose the hourly growth coefficient 
// is used. 

In the example given; H=t r ^ e°* 16 = lT75. 

The 361 grm, of seed yeast will grow to 36T H grm. during 
the first hour, which means that 6-32 grm, of new yeast will be 
formed during the hour. This weight of yeast requires the 
assimilation of (0-476 X 6-32) or 34)1 grm. of sugar. Thus, the 
hourly weights of sugar to be fed arc; 

1st hour 3 01 grin, 

2nd hour 34)1 x M75 grm. 

3rd hour 3-01 X H75- grm, 

4th hour 3-01 x M75 3 grm. 

etc. 
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Experimental 

It was necessary to use a synthetic medium giving maximum 
yeast yield under the best conditions of aeration and sugar 
concentration. This solution had to contain all the inorganic 
substances necessary for full yeast growth, together with all 
necessary nutrilite factors. Each litre of solution was arranged to 
contain the following; 


Ammonium sulphate 

4 grm. 

Potassium sulphate 

4 grm. 

Disodium phosphate 


(dihydrate) (Na s HP0 4 .2H a O) 

2 grm. 

Magnesium sulphate 

05 grm. 

Calcium chloride 

01 grm. 

Ferric ammonium sulphate 

0-02 grm. 

Zinc (as sulphate) 

0 2 milligrm. 

Copper (as sulphate) 

001 milligrm. 

Aneurin (Vitamin hydrochloride 

200 microgrm. 

Riboflavin (Vitamin B 2 ) 

100 microgrm. 

Nicotinic acid 

5000 microgrm, 

/►-Aminobenzoic acid 

300 microgrm. 

Pyridoxin (Vitamin B 6 ) 

1000 microgrm. 

Calcium D-p an tot hen ate 

500 microgrm, 


0-inositol 50,000 microgrm. 

D-Biotin 6 microgrnn. 

The experiments were carried out (with the exception of a few 
special cases discussed individually) in tall glass beakers, 3-litre 
capacity, height 10 in. and diameter 5 in., temperature being 
maintained at 30°C, (86~F.) by housing the beakers in a thermo¬ 
statically controlled water bath. Compressed air, free from oil, 
dust and water, was supplied to the vessels through stainless steel 
aerating elements consisting of a 15 in, long tube (the lower end 
closed with a rubber bung) with a hole (3/64-in, diameter) drilled 
on the underside of the tube to blow a stream of air downwards 
close to the bottom of the vessel. The aerators were each placed 
in the vessels in precisely similar manner. The aerating elements 
were fixed to a large capacity cylinder fitted with a blow-off valve 
which automatically controlled the air pressure which was 
recorded upon a manometer. Various rates of aeration were 
obtained by varying the number of aerating elements placed in 
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each vessel or by varying the pressure of the air supply. 
Each vessel was supplied with a stainless steel lid to minimise 
evaporation. 

The oxygen supplied by the various aerations in the fermenta¬ 
tions was measured by the method used by Cooper, Fernstrom, 
and Mi!ler(6). This consisted in measuring the rate of oxidation 
of an approximately normal solution of sodium sulphite, con¬ 
taining a copper sulphate catalyst, by the usual iodine-thiosulphate 
technique. This method measured the amount of oxygen dis¬ 
solving in 1 litre of solution per hour and is a most useful method 
of comparing efficiencies of aeration, although it must he em¬ 
phasised that the oxygen rates are stated in somewhat arbitrary 
terms- 

In many experiments the sugar was added at the start of the 
fermentations, being sterilised by boiling along with solutions of 
the inorganic salts for a few minutes. The fermentations were 
started at pH 5-0-5-5 and the pH was controlled at 3’5-5*5 by 
additions of dilute sodium hydroxide where necessary-. 

In other experiments it was necessary to keep sugar concen¬ 
trations down to small values, in which case the sugar solution 
was added in very dilute solution from a burette, by hand, a few 
ml. at a time. 

Experiments using oxygen-free conditions were carried out, 
with great care, oxygen in the initial worts being boiled out under 
vacuum, and the solutions cooled under a stream of oxygen-free 
nitrogen, which had been washed repeatedly, in bottles of alkaline 
pyrogallol. Strenuous precautions were taken in such cases to 
prevent all traces of oxygen from gaining access to the fermenta¬ 
tions, which were carried out in an entirely closed system. 

Yeast growth was determined by extremely careful assaying of 
dry matter in the seed yeast and yeast crop. The final yield of 
yeast was filtered rapidly upon a pressure filter (see Chapter XI}, 
and duplicate dry-matter estimations upon the well-mixed yield 
were carried out to calculate gross yield of dry matter. 

Residual sugar in the worts was estimated, after filtering off the 
yeast, by the Fetiling's method using methylene blue as indicator. 
Sucrose was hydrolysed by gentle acid inversion. 

AH yeast quantities stated are in terms of yeast having 27 per 
cent dry matter . The results are far experiments all carried out at 
30* C. 

18 
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Results obtained 

(A) Fermentation of 5 0 per cent sucrose (5 25 per cent 
invert sugar) solution with a small initial yeast seeding 
rate and with variation in aeration 

To 1 litre of the standard nutrient medium were used 50 grm. 
of sucrose (52 5 grim of invert sugar) and the seeding rate was 



F[G 57.—Influence of biotin content of medium upon rate of sugar utilisation 

(at 30 s C.). 

Five per cent sucrose concentration. Seed yeast=03 gnu. Aeration -0-7 
grm. O* per litre per hr. All nutrients (except biotin) supplied in adequate 
quantity. 

Q'3 grm. of yeast (at 27 per cent dry matter). (These conditions* 
using a standard aeration of 0-7 grm. of 0 2 per litre per hr.* are 
illustrated in Fig. 55, which shows the progress of yeast growth with 
varying biotin additions,) The biotin addition used in the follow¬ 
ing experiments was the value (6 micrognn.) required to ghe 
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maximum yeast growth, all the other nutritional factors being 
optimal. [An addition of a small quantity of lactic acid potassium 
lactate buffer (10 ml. of the buffer solution described in Chapter 
IX) was used in this set of experiments lor ease of pH control.] 
At the end of 15 hr. the yeast yield and sugar remaining in the 
medium were assayed and the percentage yield of yeast based 
on the sugar (as invert) used was calculated. The results are all 
summarised in Fig. 58. 

These experiments have given very interesting new information 
upon yeast growth. 

(a) The curve showing total yeast growth at the end of 15 hr. 
indicates that the yeast crop gradually increases from about 1 grm. 
in the experiment carried out with no supply of oxygen whatsoever 
(complete anaerobiosis) up to a maximum of 32 grm. using an 
aeration equivalent to 07 grm, of oxygen per litre per hr, 
From this point onwards, however, increasing the oxygen supply 
results in diminishing the total amount of yeast grown so that, 
for example, with oxygen supply at 2 grm. per litre per hr. 
there are only 19-5 grm. of yeast produced during the 15-hr. 
period. 

(i) The sugar-usage curve, however, also shows a peak at the 
oxygenation rate of 0-7 grm. per litre per hr. That at 
oxygenation rates higher than this sugar usage is progressively 
reduced. 

(0 ffy combining the total yeast produced and the total sugar 
usage after 15 hr. into a curve illustrating percentage yeast yield 
on sugar used it is seen that the yield rises with tremendous 
rapidity as soon as very small traces of oxygen are introduced into 
the medium and although the upward slope of rlic curve is great!)' 
lessened at medium aerations there is no question of the actual 
yeast yield calculated upon sugar used being reduced bv the high 
aerations—indeed the curve showing efficiency steadily rises as 
aeration increases, Olsen and Johnson (4) state that, “it was 
possible to increase effective aeration to levels that decreased 
the yield of yeast”. These workers have stated this finding 
without reference to sugar used or sugar remaining behind 
In their culture medium. The present work is contradictory to 
these findings of Olsen and Johnson that high aeration levels reduce 
yeast yield; high aeration certainly diminishes yeast growth 
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measured at the end of a definite period of time—it does not 
diminish yeast yield at the end of that time when yield is calculated 
on the sugar usage, which is the accepted method of expressing 
yield of yeast, 

(B) The effect of variation in sugar concentrations upon 
yeast yield with variations in aeration 

The experiments described above in section (A) were extended 
to cover varying sugar concentrations ranging from 125 to 20 



Fig. 58 ,—Variation of yeast yield with sugar concentration with varying 

aerations. 

Seed yeast—0 3 gmi, per litre. Fifteen hours' fermentationf or to point at which 
sugar was almost completely used) at 30^C, 

(Sugar concentrations as im r crt sugar.) 

per cent of sucrose (1*315 to 21 per cent of invert sugar) in the 
medium. Nutrilite additions were increased in the higher sugar 
concentration experiments in proportion to sugar content to meet 
any possible increased yeast production, I he yeast yields ca cu 
lated as percentage upon sugar used with various concentrations 
of sugar and varying oxygenation rates are illustrated in I-ig* 
This illustrates the following points: 

(a) At all sugar concentrations yeast yields are only about 
10 per cent in conditions of complete anaerobiosis. This value is 
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calculated for a 15-hr* period of growth* the yield for a shorter 
period may be somewhat higher, 

(i b ) The yeast yield in all cases increases at a great rate when 
traces of oxygen are supplied to the medium. 

(c) in alt cases yields gradually increase with high oxygen¬ 
ation. 

(J) For any given oxygen rate the yield is a function of the 
sugar concentration, efficiency increasing with diminishing sugar 
concentration, That is, if sugar concentration is increased > more 
oxygen is required to bring the vicld up to its original value. 



t H tc, 59,-—Effect upnn 


sugar consurr 

conditions of exponent ml won feed fe* 30 J C.)u 


(C) Effect upon yeast yield of increasing the ratio of 
oxygen supplied to sugar used 

From a consideration of the above evidence it becomes clear 
that both the oxygen supplied to a fermentation and the sugar 
concentration used are vital factors in the determination of the 
yeast yield (on sugar used). It becomes important at this point to 
examine the relationship existing between the percentage yeast 
yield on sugar with the oxygen supply. For this set of experiments 
1 grm. of sucrose in solution was Ted by means of a burette in 240 
portions, each portion being added every 15 sec. The initial 
seeding rate was 14 grm. of yeast (sufficient to assimilate the 
sugar fed at all aeration values) and nutrilite and inorganic require¬ 
ments were met in the normal way. The air supply was varied 
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between 0 and 2 grm, of oxygen/litre/hr. The results are 
illustrated in Fig + 59, which shows that: 

(a) The normal maximum yield obtainable (210 per cent upon 
sugar used) is given when 1*6 grm, or more of oxygen is supplied 
for each gram of sugar consumed by the yeast, 

(&) When the oxygen supply falls below 16 parts per 1 part of 
sugar consumed by the yeast, the yield of yeast falls in proportion, 
and when no oxygen whatever is supplied a yield of 28 per cent 
is produced under the conditions of this experiment (this will be 
shown later to vary with the seeding rate), 

(D) Effect of sugar concentration upon yeast yield 

All the evidence so far brought forward has indicated that* in 
any work in which aeration is not to be a limiting factor to the 
yield of yeast produced, at least 1-6 grm, of oxygen per litre per 
hr. must be supplied for each gram of invert sugar which is used 
by the yeast in each hour. It has also been shown that increasing 
sugar concentration reduces yeast yields. Many experiments have 
been carried out in which oxygen has been supplied to fermenta- 
tions at rates greater than the limiting value of 1-6 discussed above* 
but in which the sugar concentration in the nutrient solution has 
been gradually decreased. Very small concentrations of sugar have 
been obtained by small, continuous additions of dilute sugar 
solutions* the additions being so arranged that the sugar from 
one addition was removed from solution by the yeast before 
the next addition was run in. Examples of such conditions are 
as follows: 

(1) 01 per cent concentration obtained by addition of 1 grm. 
sucrose at start, 

(2) 0 01 per cent concentration obtained by addition of 10 
amounts of 0 1 grm.* one portion each 6 min, 

(3) 00004 per cent concentration obtained by addition of 250 
amounts of 0 004 grm.* one portion each 15 sec. 

(The precise period over which the feeding of the sugar takes 
place is of no consequence as long as the rate of yeast growth is not 
greater than about H = 1-15 hourly: the reason for this is ghen 
later. To obtain these conditions a yeast seeding rate of 14 grm, 
was employed and sugar was added at a rate not greater than 
1 grm. per hr,) 
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The results of these experiments are illustrated in Fig. GO, This 
shows; 

(<0 1 hat as sugar concentration is gradually decreased yeast 
yield is steadily increased and, indeed, the increase in yield between 
the concentrations of 5 per cent sugar (yield =77 per cent) and 
(M per cent sugar (yield—148 per cent) is practically linear. 

(fi) \Ylien the sugar concentration is decreased below 0-1 per 
cent there is a spectacular increase in yeast yield. Thus, at 0-2 



Fig, 60.—Effect of sugEir concentration on yeasl vie Id (exponential type 

fermentations). 

Oxygen = 2 R rm. per litre per hr r Seed yeast = 14 prm, (ai 27 per cent dry 


per cent sugar, yield=105 per cent, whilst at 0-002 per cent 
sugar, yield—200 per cent. 

(<•) With the stated aeration, the maximal yield of 210 per cent 
of yeast is obtained with a concentration of 0-0004 per cent of 
sugar. At this stage the amount of fermentation is nil. 


(E) Variation of yield with hourly modulus of yeast 
growth increase (H) 

It was of great interest to know at what hourly rate of yeast 
increase {}{) the maximum yeast yield of 210 per cent on sugar 
could be obtained. For this purpose it was necessary to feed 
increasing amounts of sugar hourly into fermentations, using 
standard amounts of seed yeast and always maintaining a ratio of 
at east 1-6 grm. of oxygen supplied per grm. of sugar used in 
order that aeration should not be a limiting factor. The objective 
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of the above was to force along the rate of growth of yeast to the 
maximum possible under the given conditions* In some cases the 
problem was tackled by reducing the seed yeast and sugar feed, 
having due regard to the limitations of the laboratory fermenter 
which would not take an aeration more vigorous than 2 grm. of 
oxygen per litre per hr. without serious difficulties due to 



Fig. 61 .—Variation of yeast yield with hourly modulus of grow th ( H )♦ 

frothing* The results of this study are shown in Fig- 61. Very 
many experiments in this series have shown the following: 

(a) The maximum hourly growth rate H obtainable compatible 
with maximum yield of yeast w as when H = H75. 

(£) At greater values of // than 1T7S the yeast yield rapidly 
decreased. For example, a very great rate of growth 37 
gives a yield of only 60 per cent. 

The above values are for the use of synthetic sugar-containing 
media only and no lactate buffer was used in such studies. Addition 
of lactate buffer results in higher yields and increased values of//, 
owing to assimilation of lactate into yeast substance. (See Chapter 
X.) When using molasses there is some non-sugar assimilable 
matter present (see Chapter X), which increases the growth rate 
slightly so that an H of 1-2 may be achieved without falling short 
of maximum yields. The necessity for having sufficient seed yeast 
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present in any fermentation to produce the required growth rate 
with optimal yield in yeast has been discussed in the section upon 
mathematics of yeast growth- 

(F) Growth of yeast in conditions of complete anaerobiosis 

It was, of course, of great theoretical and of much practical 
interest to investigate the possibility of yeast growth in conditions 
where no oxygen is available. These experiments were carried out 
in a closed flask in a stream of oxygen-free nitrogen which was 
repeatedly washed, to free it from possible traces of oxygen, by 
alkaline pyrogalleL This nitrogen served the twofold purpose of 
keeping the yeast in suspension and of earning away carbon 
dioxide which was proved to have a slightly inhibitory effect upon 
yeast growth and sugar usage. The greatest precautions were 
observed at all stages to prevent access of oxygen to the fermenta¬ 
tion. The I allowing results were obtained: 

(a) Using a small seeding rate (0 3 grm,) in 5-25 per cent 
invert sugar solution the following average figures were produced: 

Growth coefficient r = 0 065 

Fermentation coefficient $ = 0 59 

Yield on sugar used = 10-5 per cent 

(b) Using a large seeding rate (14 grm,) m 5'25 per cent invert 
sugar solution the corresponding values were as follows: 

Growth coefficient r — 01155 

Fermentation coefficient s — 0 349 
Yield on sugar used = 28-6 per cent 

Interesting conclusions drawn from this work are as follows: 

M In the complete absence of oxygen and with a small seeding 
rate, fermentation rates as high as s =059 have been recorded, the 
corresponding assimilation or growth coefficient, r , beam* as low 
as 0065, 

(b) The most significant finding was, probably, that yeast can 
grow through a limited number of generations in the complete 
absence of oxygen, 

(r) 1 he sugar usage under these conditions was very small 
because growth rate was so very smalt, Although the seed yeast 
fermented at a high rate, total sugar usage was very limited. 

U0 In fermentations using high seeding rates the fermentation 
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rates recorded have been lower than with the use of small quantities 
of seed yeast; values for s of 0-349 have been recorded with use of 
14 grm, of seed, compared with the value j=059 using the low 
seed rate of 03 grm. This resulted in a higher growth rate* 
r , of 01155 compared with 0 065 respectively, and the yeast yield 
based on sugar used was, thus, considerably increased (286 per 
cent compared with 10 5 per cent)* These differences could be 
explained by postulating the existence in the seed yeast of some 
kind of system (probably a respiratory pigment system) which Is, 
normally, in a high state of oxidation, When placed in entirely 
anaerobic conditions this system would serve as a reservoir of 
oxygen potential for the seed yeast, and would allow growth to 
occur, albeit at a greatly reduced rate, over some generations before 
finally becoming exhausted. This point is returned to later. 


(G) The effect of carbon dioxide concentration on yeast 

growth 

As carbon dioxide is a final product of both fermentation and 
assimilation it might be expected that if the gas were allowed to 
remain in the nutrient medium it may have some inhibitor}' effect 
upon both reactions. This point was investigated bv carrying out 
identical fermentations, one being agitated by a standard stream 
of nitrogen, the other agitated in precisely similar fashion with the 
addition of a steam of carbon dioxide sufficient to maintain a con¬ 
centration of this substance in solution. The results of these 
experiments showed that the carbon dioxide had a slight but quite 
definite inhibitory effect upon both growth coefficient r, and 
fermentation coefficient s. 


(a) With CO, 

r = 0 091 
s - 0 30S 

per cent yield on sugar used 
= 274 


(£) Without C0 2 

r = (T1155 
* = 0-349 

per cent yield on sugar used 
-2S6 


(H) Effect of oxygen supply and of sugar concentration 
upon the values of growth coefficient (r) and fermenta¬ 
tion coefficient (s) 

All the relevant experimental evidence can be summarised to 
demonstrate the effect of oxygen supply upon the values of r and s , 
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as demonstrated in lug, 62. The fact that pure oxygen behaves 
just like air was conclusively demonstrated experimental!y. 
The growth coefficient* r* under conditions of anaerobiosis, using 
a small seeding rate and a sugar concentration of 5-25 per cent as 
invert* has a value of about 0065 and this value is rapidly increased 
with the introduction of very small amounts of oxygen into the 
medium. The value of the coefficient increases to about 0 31* a 
maximum, at an oxygenation value around 0-5-0-7 per litre per 
hr., but at higher oxygenation values than this steadily decreases to 



t -Grm. invert sugar fermented per hr, per grm. of veasr. 
r - Kate of yeast growth. 

U476r = Rate of assimilation of invert sujjar to form veast 


an ultimate value of 0162 at 210 per cent yield. (The aeration rate 
necessary to achieve this value with a large sugar concentration 
could not be produced m the laboratory—an oxygen figure of 

]hK pcr , hr - ' vas nccessar >' with a sugar concentration 
°! , , 000+ P<T ' ent - 1 he °me n concentration necessary for similar 
Veld using s 2> percent sugar concentration would need to be at 
least 26,250 grm. per litre per hr.) 

Ihe fermentation cocflicient. i, is very high (about 0 59} with 
no oxygen present in the reaction and this value is gradually 
reduced as oxygenation is increased. Sufficient oxygenation to 
give optimal yeast yield would, probably, reduce / to nil, but, 
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again, the sugar concentration was far too high to achieve this 
effect in the laboratory. 

It has been shown previously, however (Fig, 60), that when the 
sugar concentration is sufficiently reduced very high yields do, 
indeed, become possible and Fig. 63 shows the effect of sugar 
concentration upon the fermentation coefficient, $, This is seen 
to fall to nil (maximum yeast yield of 210 per cent without 
any fermentation) at a sugar concentration which itself must 



Fig. 63.—Influence of sugar concentration upon fermentation coefficient s. 
(Oxygenation=2 grm, per litre per hr.) 


approach nil (the value of 0 0004 per cent of sugar was neces¬ 
sary when employing an oxygenation rate of 2 grm, per litre 
per hr.). 

The effect of the seeding rate is once again illustrated in T ig- 63, 
for it is shown that, at similar sugar concentrations, a high seeding 
rate considerably reduces the fermentation factor. The yeast 
( ‘oxygen-factor” postulated previously, would thus appear to be 
very' significant under all conditions of oxygen supply- 1 able 34 
gives a list of experimental results obtained illustrating the 
manner of calculation of the values of the various coefficients. 
The influence of the yeast seeding rate upon the value of the 
growth and fermentation coefficients is discussed in Chapter 
XXXII. (See Table 59.) 
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(I) Description of aeration levels 

It is a matter of some interest to attempt to describe the sort of 
aeration necessary to obtain the oxygen supply values stated above. 
For example: 

0 2 =(M}13 grm, per litre per hr. was obtained simply by leaving 
the 5 -in. wide, 3-litre beaker described previously without anv 
agitation in contact with air at 30X,; the surface solubility of the 
oxygen in the air gave the stated oxygen solubility figure. 

0 2 —G-025 grm. per litre per hr, was obtained by passing 1 bubble 
of air per second from the standard aerating element (hole— 
3/64-in, diameter) into the beaker, 

0 2 —007 Sgrm.per litre per hr. w as obtained by passing approxi¬ 
mately 300 bubbles of air per min, into the solution, 

0 2 —0 + 7 grm, per litre per hr, was obtained by a very vigorous 
aeration in which air was passed at the rate of 10 litres per minute 
through the standard aerating element (one hole) at a pressure of 
21 in, of w ater, 

(In all cases the volume of w r ort being aerated in the above was 

1 litre.) 

(J) Yeast growth curves in standard type fermentations 
showing exponential nature of yeast growth with no 
limiting factors 

As referred to in the section upon mathematics of yeast growth, 
Fig. 55 illustrates the growth-time curves using 0-3 grm. 
seed yeast growing in 5 per cent sucrose (5*25 per cent invert 
sugar) concentration. This figure shows that with 6 microgrm. 
of D-biotin (no biotin deficiency) the growth curve is virtually 
linear throughout its whole course until the sugar is all used 
(almost 15 hr,). Growth after this point is at a far reduced 
rate and is due to assimilation of lactate from the bufier used 
in these experiments. When a biotin deficiency is known 
to occur, however, as in the curves using 2> 1, and 0 5 microgrm. 
of D-biotin, growth is only linear up to the point at which 
biotin deficiency starts making its effect felt, after which the 
rate of growth falls away. As linear growth shown upon the 
semi-logarithmic scales employed indicates true exponential 
development of the yeast, it is proved that true exponential yeast 
growth takes place in these conditions only when there are no 
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nutritional deficiencies. Upon this point it may be seen that the 
hourly modulus of growth // falls badly away at biotin contents 
of yeast below about 02 mkrogrm* per grrm fig. 56 illustrates 
the influence of biotin upon the rate of sugar utilisation in these 
experiments. 

The other two main nutrihte factors have been similarly investi¬ 
gated and deficiencies of these in similar fashion lead to serious 
deviations from the trulv exponential development of veast. 


Summary and practical conclusions 

(a) It has been found that truly exponential increase in yeasts 
takes place only when all nutritional requirements are satisfied. 

(£) The mathematics applicable to problems concerning the 
growth of yeast have been carefully reviewed and the question of 
analysing any problem of yeast growth is emphasised to be one in 
which a number of factors must always be kept in mind. Chief 
among these are the growth coefficient r and the fermentation 
coefficient s upon which the yield of yeast and alcohol and the 
rate of sugar usage depend, 

(r) The function of aeration in yeast growth problems has been 
investigated. Aeration has three main functions; the supply 
of oxygen to the growing yeast; the maintenance of the yeast in 
a state of complete suspension in the wort so that all cells are 
working to their complete capacity and, finally, the removal 
of dissolved carbon dioxide from the wort, this by-product of 
fermentation having been shown to have an inhibiting action 
upon both yeast growth and fermentation, 

(d) In conditions of complete anaerobiosis the yeast growth 
is reduced to a minimum but the fermentation coefficient for 
the yeast is then at a maximum, The yeast grows slowly through 
lour or five generations, and it is postulated that this is due to an 
oxidised system (probably a pigment or enzyme system) in the 
seed yeast which catalyses respiration and consequent yeast growth 
until this supply is exhausted. The supply of very small amounts 
of oxygen results in very considerable yeast growth but a point 
]S reached with increasing aeration when the value for the yeast 
growth coefficient r is a maximum (— 0 31). At oxygen supplies 
greater than this maximum value, a steady decrease in the growth 
coefficient occurs and the figure for the yeast strain employed at 
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the point when maximum yeast yield of 210 per cent on invert 
sugar used was obtained was r=0162* At the same time, how¬ 
ever, increase in the oxygen rate results in a gradual decrease in 
the fermentation rate $ for the yeast, and starting at 0-59 in 
anaerobic conditions for low seeding rates, r is reduced to zero at 
an aeration at which yeast yield is maximal The ratio between 
growth and fermentation coefficients at any one time determines 
the yield of yeast. The figures quoted are at 3G 5 C (See Chapter 
XIX for values of r and s at other temperatures.) 

(e) The sugar concentration of the medium is a fundamental 
factor in the determination of the growth and fermentation rates 
of yeast; the higher the sugar concentration the lower the growth 
rate becomes for one definite oxygenation level. It is necessary to 
employ very great dilutions of sugar to obtain maximum yields of 
yeast—a sugar concentration of 0 0004 per cent being necessary 
at an oxygenation rate of 2 grm, per litre per hour. 

( f ) To obtain maximal yeast yields it is necessary to employ at 
least 1-6 parts of dissolved oxygen per 1 part of sugar (as invert)* 
This immediately limits the sugar concentration to be employed 
in practice to get maximum yields, for oxygen rates of greater than 
about 2 grm. per litre per hour are not normally achieved in 
practice without considerable difficulty* 

(^) Although increasing aeration beyond a certain point reduces 
the total quantity of yeast grown at the end of a definite period of 
time the efficiency of sugar transformation into yeast is increased. 
Thus, yeast yields increase continuously with increasing aeration. 
Sugar utilisation (and disappearance from the wort), therefore, 
increases with aeration up to the point where yeast growth is 
maximal and at aerations more efficient than this sugar usage is 
reduced* It has not been found possible to reduce yield efficiency 
by supplying too much oxygen. 

(h) The maximum rate of growth compatible with optimal yield 
corresponds to a value for t of 0-1623 and a value for //, the hourly 
growth rate, of IT75, Slightly higher values of H (up to 1-2) 
would he obtainable in natural malt and molasses worts, owing to 
the usage of sugar and other organic materials of non-sugar nature* 

(i) The postulated seed “oxygen factor 1 ' appears to effect yield, 
growth and oxygen rates without and with oxygen supply* L nder 
the same conditions of oxygen supply and sugar concentration an 
increased yeast seeding rate will result in a higher yeast yield. 
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Practical applications 

However great the precautions normally taken in a beer 
brewery or distillery to reduce yeast yield by providing anaerobic 
conditions of fermentation, a definite fraction of the total sugar 
will always be assimilated. 

Small seeding rates will normally always need aeration to 
produce sufficient yeast growth to ferment the total sugar of the 
wort in a reasonable time. Large seeding rates result in quicker 
usage of wort sugar but produce considerable yeast crops even 
with little aeration, probably due to the large 1 ‘oxygen factor ' they 
bring to the system. 

Very small amounts of aeration—such even as those obtained 
in an unstirred open tank—can provide a significant yield of yeast. 
That is, even without the use of compressed air, a wort in a shallow" 
tank occasionally stirred may get all the oxygenation it needs from 
the atmosphere* Unless carbon dioxide saturation is broken 
down, however, fermentation and yeast growth are reduced in 
speed. The necessity in a quick fermentation to keep all the yeast 
in complete contact with the substrate is obvious. 

In the case of yeast factory practice the necessity for the 
incremental feed (resulting in small sugar concentrations) and a 
measure of the aeration necessary for the higher yields to be 
obtained is explained in the light of the present findings. 


Notes 

(1) Several papers relating to the measurement of solution rate 
of oxygen in biological culture media have recently been pub¬ 
lished. Papers by Mixon and Gaden(7), Bartholomew et al. (8), 
and Wise{9) discuss the determination of dissolved oxygen by 
means of the dropping mercury' electrode system. As might be 
expected, the results given by the sulphite and the polarographic 
methods do not precisely correspond, chiefly due to the relatively 
high reactivity of the sulphite ions with oxygen* 

It is to be hoped that future years may see the development of 
the polarographic technique to produce a continuously recording 
instrument for use in breweries, yeast factories, and other fer¬ 
mentation processes. The sulphite method obviously is limited 
in application to laboratory-scale work where it is necessary to 
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produce comparative figures for oxygen solution rate in a simple 
and reproducible manner, 

(2) Chin(10) has shown that the absorption spectrum of the 
cytochrome of brewery yeast shows only two distinct bands in the 
visible region, whereas bakers’ yeast shows four bands. By 
propagating brewers’ yeast in conditions of vigorous aeration, 
however, the absorption spectrum becomes similar to that of 
bakers yeast. These observations may have some bearing upon 
the postulated “oxygen factor” mentioned previously, 

(3) 1 he influence of temperature on yeast growth and fermen¬ 
tation is discussed in Chapter XIX. 
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CHAPTER XIX 


INFLUENCE OF TEMPERATURE ON YEAST GROWTH 
AND FERMENTATION 

I n Chapter XVIII it has been shown that when yeast is propa¬ 
gated in a sugar solution the total amount of sugar used can be 
divided into the portion assimilated to form new yeast substance 
and the portion fermented. When all the nutritional requirements 
of the yeast are satisfied and a definite level of aeration has been 
decided upon the one important variable factor upon which 
information is lacking is the effect of temperature on the rates of 
yeast growth and fermentation, rate of sugar utilisation* veast 
yield and so on. Precise Information in the published literature 
is hard to find and the figures quoted in this chapter arc those 
published by the author and Munns in 1951(1)* These figures 
were obtained using the standard fermentation techniques em¬ 
ployed in the nutrilite assay methods discussed in Chapter IX in 
which the sugar source consisted of sucrose and a sufficiency of 
inorganic salts and nutrilite factors were present in the solution. 
It is important to emphasise that the aeration level employed was 
standardised (0-7 grin, of oxygen per litre per hour by the sulphite 
absorption method)* The figures given here only illustrate the 
variation in the values of the various coefficients at the one 
aeration value stated. 


Experimental 

Phe fermentations were carried out in litre scale, aerated 
experiments using 50 grm, of sucrose as source of sugar with 
6 microgrm. of D-bbtin, 500 microgrm. of calcium Q-panio- 
thenate and 50 milligrm. of wm-inositol as sources of essential 
nutrilites. The inorganic salts and other B-group vitamins used 
m the basal medium were precisely as described for the nutrilite 
in Chapter IX, and the aeration and general experimental 
techniques for yeast growth and for assay of the yeast crop pro¬ 
duced are as described in that chapter. For the present purposes 
the growth of yeast after varying periods of time together with the 
amounts of sugar used were carefully determined so that growth 
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curves could be produced for each temperature examined, Each 
growth curve shown in Fig. 64 was obtained from several careful 
determinations. 



Results obtained 

From the estimations of yeast quantity produced and sugar 
used over a large number of determinations the appropriate 
calculations can be made as illustrated in r l able 35 in order to 
obtain the values of fermentation coefficient s and growth 
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coefficient r* The results of these experiments are illustrated in 
Fig. 65. 

Growth coefficient (r) + This has a value of 0-149 at 20*0. 
(68" F.) and, as the temperature is increased, this value rises to 
0-311 at 30“ C. (86°F.), at which point the curve flattens some¬ 
what to reach a maximum of 0*342 at 36° C, (96-8° F.)* At tempera¬ 
tures higher than this the value of r diminishes at a very great rate 
and has a value of only 0-2 at 40° C. (104°F + ). 

Fermentation coefficient ($). The value of s rises steeply 
and steadily up to 4G C C, (104°F.) when s — 0-656, but at tempera¬ 
tures above this point the value of s is very rapidly diminished. 

Rate of total sugar usage (s-|-G-476r) t This increases steeply 
and in almost linear fashion to a maximum of 0735 at 40 & C. 
(104 C F.) and the value is rapidly reduced at temperatures above 
this. 

Yeast yield upon total sugar used* The yeast yield is, as 
explained in Chapter XYIII) a function of the ratio of sjr. The 
yield gradually falls with increasing temperature [the decrease up 
to 30" G. (S6 C F,) is comparatively small]* Yield becomes signifi¬ 
cantly affected above 30° C. (86°?.) and at temperatures above 
36" C\, when the assimilation rate itself is falling and fermen¬ 
tation rate increases, yield falls very rapidly. Yield is only 26*6 
per cent at 40 C. (104° F.) compared with 60-4 per cent at 
30°C. (86° F,) 

Note.—I n the growth experiments at 43°C* (109 , 4°F.) it was 
found that no growth occurred with the use of a small seeding rate 
and the values were obtained with a high seed rate (3-2 grm. seed 
instead of 0-3 grm.)* 


Conclusions 

(1) The total rate of usage of sugar by the yeast strain employed 
increases almost linearly between 20° C (63' F.) and 40C . 
{104* R), 

(2) Rate of sugar usage by yeast is divided into two portions-^ 
sugar used in the production of new yeast and sugar fermented 
into alcohol. The assimilation rate, r y is a maximum at 36* C. 
(96-8* F*), but the fermentation rate, increases rapidly to a 
maximum at 40° C (104*F.). It follows that the yeast yield is 
rapidly decreased between 36'C. and 40*C. 
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(3) It follows from the above that, apart from evaporation 
difficulties, which could be overcome by suitable condensing 
arrangements, a greater alcohol yield efficiency may be expected 
from fermentations conducted at 36-40°C. than from fermenta¬ 
tions at lower temperatures, 
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VARIATION IN WATER CONTENT OF YEAST CELLS 
CAUSED BY VARYING TEMPERATURES OF GROWTH 
AND OTHER CULTURAL CONDITIONS 

T he composition of a cake of compressed yeast has been dis¬ 
cussed in detail in Chapter XII, It has been found that the 
water content of yeast cells can vary with the temperature of 
growth and that cultural conditions can also influence the cell- 
water content 

The experimental conditions used in carry ing out the work to 
investigate these variations were as follows: 

A sufficiency of pure culture yeast was prepared in a battery of 
six small fermenting vessels using strictly controlled aeration and a 
defined medium as described in Chapter IX, Sugar source was 
50 grm. sucrose and a sufficiency of nutrilites and inorganic salts 
was provided in order to give the best yield of yeast under the 
stated conditions. Seed yeast was 0-3 grm, of pure culture yeast 
from a factory culture stage. The temperatures of the fermenta¬ 
tions were carefully controlled thermostatically. 

The yeast crop after fermentation had been completed (t.e, 
when all sugar had been used) was filtered off by pressure filtration 
in the normal way (Chapter XI). The yeast crop was washed until 
quite free from extraneous matter, the crops from the six small 
fermenters being combined to produce a sufficiency of yeast ior 
the viscosity test. The dry matter of the well-mixed yeast cake 
was determined. Fifty grm. of the well-mixed cake were then 
taken and 25 grm. distilled water were added. After mixing well, 
the yeast cream was sieved through a fine mesh (100 gauge) stain¬ 
less steel sieve to remove and incorporate small, unmixed lumps 
and the viscosity of the cream was determined in the standard 
micro-size viscometer at 20 C, The viscometer had been initial!} 
standardised, using varying quantities of "standard consistency 
yeast made up in each case to a total weight of 75 grm, with 
distilled water. From a calibration curve prepared in this manner 
the precise dryness of the cake of yeast under examination 
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could be determined in terms of standard consistency and 
from this figure and the dry-matter content of the sample the 
dry-matter content of the yeast at standard consistency was 
calculated. The composition of the yeast cells in the sample 
was then calculated from the knowledge that a yeast consisting 
of 77 per cent ol cells (by weight) together with 23 per cent 
ol extracellular water gave the viscosity of standard consistency 
yeast. 

In a further set of experiments a molasses medium was used 
instead of the synthetic medium for the purpose of illustrating 
the difference in cell composition brought about by this change. 
The only other changes in the medium were that the nutnlites 
and chief inorganic salts supplied by the molasses were de¬ 
ducted from the totals of these substances used in the synthetic 
medium. 

Over the period that these laboratory experiments were being 
carried out yeast cakes were produced in fermentations using 
similar media and seed yeast but feeding the molasses medium 
incrementally to encourage high yields. Cell water contents of 
these yeast samples were similarly examined. 

A further investigation was carried out to examine the effect of 
repeated sub-culturing of yeast on the water content of generations 
derived from the culture managed in this way. 'Hie yeast culture 
was maintained in malt wort containing 10 per cent of fermentable 
sugar (calculated as invert) and about 10 per cent of such a culture 
was inoculated into a fresh flask of sterile wort twice weekly, 
incubation being maintained at 30°C, (ftfvT.). The remainder of 
the culture was inoculated into standard molasses worts as pre¬ 
viously described and the dry matter at standard consistency of 
the yeast crops thus formed was determined as before. 


Results obtained 

Effect of temperature of growth on water content of veast 
cells J 


1 igure 65 and 1 able 36 illustrate the effect of growth tempera¬ 
tures on the water content of the cells. These show the remarkable 
tact that cell water content increases with decreasing growth 
temperature, water content varying between 76 2 per cent in the 
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cells of samples grown at 2G°Ch (68° R) and 66*2 per cent in 
yeasts grown at 43 ? C. (109-4*R). 



I'io r 6S.—Effect of temperature on growth and fermentation 
coefficients and on dry matter content of yeast at standard 

consistency. 


Effect of using a molasses medium in place of a synthetic 
medium 

Some decrease in yeast cell water content is brought about when 
molasses is used in place of the sugar of the purely synthetic 
medium. This is shown in Table 37, 

Effect of incremental feeding of molasses 

i he effect of using a molasses medium but feeding the molasses 
incrementally instead of using It all at the start of the fermentation 
is also illustrated for two temperatures in Table 37. This shows 
that variations In the manner in which the nutrients are presented 
to the yeast can make considerable variations to the moisture 
content of yeast cells. 
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Table 37 


Effect of Variations in the Composition of the Nutrient Medium on the Water 
Content of the Cells of the Yeast Crop 


Tempera¬ 

ture 

Dry-Matter 
Content of Yeast 
Cake at 

Composition of 
Yeast Cells 
[ per cent (w/w)] 

Conditions of Growth 

rc.> 

Standard 

Consistency 

Water 

Dry 

Matter 


20 

1 S‘3 

762 

23-8 

Synthetic Medium 


19 5 

747 

25-3 

Molasses Medium 

25 

19-4 

749 

2 57 

Synthetic Medium 

25 

203 

72‘9 

27-1 

Molasses Medium 

25 

229 

70-3 

297 

Molasses Medium; nutrients 
fed exponentially 

|1 

20-8 

72-9 

27 1 

Synthetic Medium 


22-1 

7l + 3 

237 

Molasses Medium 

IX 

240 

6S-8 

31-2 

Molasses Medium; nutrients 
fed exponentially 

40 

24-6 

680 

320 

Synthetic Medium 

40 

260 

662 

338 

Molasses Medium 


Effect of repeated subculturing of yeast on yeast cell water 

content 

It was found that the dry-matter content of yeast at standard 
consistency using a fresh culture was 24 per cent* After 60 sub¬ 
cultures had been made from the culture this figure had increased 
to 27-5 per cent, and the figure further increased to 29-9 per cent 
after 90 sub-cultures had been made. These figures refer to yeasts 
all grown at 30°C. (86 C K) in a standard molasses medium. Ihe 
cell water contents corresponding to these figures were 6S-S per 
cent, 64-3 per cent, and 6T2 per cent, respectively. I his clearly 
illustrates the fact that repeated sub-culturing of a yeast strain 
through dozens of stages can bring about permanent changes in 
the yeast by which the water content of the cells is reduced, J his 
means that, although the yeast culture produces as much dry 
matter as its predecessors, the yield of yeast at a standard con¬ 
sistency is diminished as the age of the original culture is increased. 
No evidence is yet available to explain this interesting phenomenon 
but the changes persist through all subsequent yeast crops grown 
from the individual cultures so that the changes may be genetically 
controlled. 
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Summary 

(1) The temperature at which yeast is grown has a major effect 
on the moisture content of the cells constituting the yeast crop. 
In synthetic worts it was found that cells grown at 20 C, (68 C I ; .) 
contained 76-2 per cent of water (by weight), whereas cells grown 
at 40' C (104 F.) contained only 68 per cent of water. 

(2) At similar temperatures, growth of yeast in molasses worts 
instead of in synthetic worts reduced the cell water content and 
this was further reduced by incremental feeding of the nutrients 
instead of having these in the medium at the beginning of the 
fermentation. 

(3) Repeated sub-culturing in a high gravity grain wort resulted 
in reduced cell water content in yeast crops derived from the 
cultures thus grown* This suggests that cells of brewery yeasts 
grown from cultures which have been repeatedly sub-cultured 
over the years may have a relatively low water content although 
often grown at low temperatures. 
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TOXIC ACTION OF COMMON ELEMENTS TOWARDS 

YEAST GROWTH 

Introduction 

F or a number of years it has been realised that copper can 
exert considerable toxic action towards yeast growth and fer¬ 
mentation. R. Guillemet(1) showed that the addition of copper 
sulphate to a glucose solution reduced the rate of fermentation by 
yeast when the solution contained Q'5 p.p.m. of copper* and 
fermentation was completely prevented when the copper concen¬ 
tration reached 2 p,p f in, IYL H. Van Laer(2) investigated the 
effects of copper in brewing in considerable detail and showed that 
synthetic media using glucose as the sugar source were far more 
sensitive to copper additions than natural malt wort; it was also 
shown that toxicity of copper was increased as the temperature 
was reduced and that different yeast strains showed variable 
resistance to the action of the metab C* A. Elvehjem and E, B, 
Hart(3) showed that small amounts of copper up to 01 p.pjn* 
stimulated yeast growth but that larger amounts inhibited 
growth except in the presence of protein and non-sugar extracts 
which tended to inactivate the copper, R* Koch(4) showed 
that 1*5 p,p*m* of active soluble (ionised) copper affected 
fermentation* 

Very little information appears to be available upon the toxicity 
towards yeast of other elements. G* Hagues(S) found that 
nickel was corroded at the point of contact with the yeast head 
in nickel-lined fermentation vessels and that the yeast contained 
140 p.p.irL of nickel, the fermentations, however, being apparently 
normal, 

The normal presence of many elements in the ash of yeasts 
grown In various media has been reported by 0* W* Richards and 
M. C, Troutman(6), who analysed spectroscopically the ash of 
many yeasts and found traces of Ah ffa, Bi, B, Ca* Cr, Cti s Au, 
Fe* La, Pb, Li, Mg* Mn, P, K, Ft, Si, A g> Sr, Tl, Sn, and Zn. 
Recent work by B. H. Olsen and M. J, Johnson(7) has shown that 
traces of iron (0-2 p.p.rm), copper (001 p t p.m.) 5 and of zinc 
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(0-2 p.p.m.) in the nutrient medium are essential to the growth of 
yeast. These authors have found no justification for the belief 
of 0. W. Richards(S) that yeast growth is stimulated by traces of 
thallium. 

The author has for some years had experience of interesting 
examples of yeast poisoning due to copper. The present chapter is 
concerned with the examination of the toxicity towards yeast 
growth of all the other elements likely to be met in practice(10), A 
growing number of elements is being used in the composition of 
alloys which may at some time or other be employed in the fabrica¬ 
tion of plant for brewing and yeast industries and an examination of 
the toxicity of salts of the follow ing common metals was first under¬ 
taken—copper, tin, iron, aluminium, chromium, nickel, zinc, 
cobalt, manganese, lead, molybdenum, tungsten, and cadmium. 
As recent work has shown that some of the less common elements 
can occur to a considerable extent in natural materials e.g. the 
titanium content of hay can be as high as 30 p.p.m.(9)] it was 
decided that a knowledge of the effect upon yeast growth of as 
many elements as possible would be of considerable interest and 
the original list was extended to include strontium, barium, 
mercury, silver, arsenic, antimony, boron, selenium, uranium, 
vanadium, lithium, caesium, lanthanum, thorium, rubidium, 
thallium, beryllium, titanium, cerium, tellurium, palladium, 
osmium, zirconium, and finally the halogen elements fluorine, 
chlorine, bromine, and iodine. The necessity for traces of copper 
and zinc as essential factors for yeast growth has been recognised 
in the basic synthetic medium used in this and previous yeast 
nutrition work. It should be emphasised that requirement is quite 
a different problem from that of toxicity* The level of copper 
requirement tor full growth (0*01 p.p.m,) is only one-tenth of the 
minimum amount of copper required to show incipient toxicity 
towards yeast growth* 


Experimental 

Orowth was carried out in aerated synthetic wort using a 
technique precisely similar to that employed for assay of nutrilites 
in raw* materials. (Se# Chapter IX.) The medium contained 50 
grni + of sucrose and a sufficiency of nutrilites (1 microgrm, of 
n-biotm, 500 microgrm. of calcium d- pantothenate and 50,000 
microgrm. of inositol) together with other B-group 
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vitamins and mineral salts, etc., to give a good yeast yield, {The 
mineral salts included G'2 millignn. of zinc and 0-01 milligrm. 
of copper for correct mineral balance.) The yield of yeast in 
control experiments was 19-4 grm., the original seed yeast being 
03 grm. (at 27 per cent dry matter)* Initial wort volume was 
1100 ml 

The elements under examination were added as the requisite 
amount of suitably soluble salts, additions being calculated as 
p,p,m. on the volume of the solution. Yeast crops were assayed 
after 24-hr, growth in the normal way, A series of assays was 
carried out for each element examined, and curves were drawn to 
illustrate the growth of yeast obtained with varying amounts of 
each element studied. It is realised that the influence exerted on 
growth by any added salt is the joint effect of the constituent 
radicles, but in view of the wide range of radicles investigated 
the picture presented should be of sufficient clarity* 

Results obtained 

Table 3S summarises the results obtained in the synthetic 
medium. Results are expressed in three ways; 

(a) As parts per million of the element required to reduce yeast 
growth to a half of the yield obtained in the control experiment— 
that is, to 9 7 grm. 

(A) As parts per million of the element required to inhibit yeast 
growth completely, 

(c) As a direct "poisoning capacity” of the element to yeast, 
calculated upon an arbitrary' scale by regarding the poisoning 
capacity of the most toxic element—cadmium—as 10,000 upon 
this scale, and expressing the toxicity of the other elements in 
inverse proportion to this figure upon the basis of the amounts 
required to reduce yeast growth to a half. Thus, it is necessary to 
add 55 p*p.m* of cobalt to the medium to obtain yeast half-growth 
and the poisoning capacity of cobalt is thus (0 125 X 10,000)/55 
=22 8 . 

From the table it mav be seen that the elements can be classified 
into four fairly definite groups as follows: 

Group A: Very poisonous group. Of all the elements examined 
only six fall in this catagory: namely, cadmium, copper, silver, 
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Table 38 

Inhibiting Effect of Common Elements on Growth of Veaii in Synthetic Medium 



(a) 

(b) 


p.p.m. required 

p.p.m. required 

Element 

to reduce growth 

to inhibit growth 


to half 

completely 


M , 

** Poisoning 
Capacity'* of 
element to y east 


Cadmium (Cel) 


Copper (Cu) 
Silver (Ag) 
Osmium (Os) 
Mercury (Hg) 
Palladium (Pd) 


(A) Very Poisonous Group 


0 123 

Growth not 
completely 
inhibited until 
over 10 p.p.m. 

io P ooo 

0-175 

10 

7jno 

0-22 

0-4 

5,700 

0-72 

10 

l p 730 

1 55 

IS 

810 

2-7 

10 

460 


(B) Moderately Poisonous Group 


Coball (Co) 
Lithium (Li) 
Boron (B) 
Nickel (N'i) 
Fluorine (F) 

(as KF) 
Vanadium (V) 
Chromium (Cr) 
Arsenic (As) 
Tellurium (To) 
Beryllium (Bo) 
'Fin (Sri) 


Helen iun (So) 

I ha] hum ('Ll) 


55 

115 

63 

125 

66 

200 

83 

approx. 185 

90 

approx, 160 

93 

approx. 200 

142 

approx, 260 

157 

approx. 230 

223 

approx, 350 

240 

approx. 350 

285 

over 350 

(C) Slightly Poisonous Group 

about 400 

500-600 


21 8 
TV'S 
190 

15-0 

13-9 


13 4 
88 
&Q 
5’6 
5-2 
4-4 


about 3 


(10) Very Slightly Poisonous oh Non-Poisonous Group 
("Poisoning Capacity 111 loss than 2 5) 

1 bis includes: Lead (Ph) 3 Iron (I r e), Zinc (Zn), Aluminium (Al), Tungsten 

In ™ ^ Io '’ M:,fl ^nesc (Mil), and the Halogen elements Iodine 

U), Bromine (Hr), and Chlorine (Cl) as their potassium salts, 

tf l® inctlIs .i n *his group include Antimony (Sb) P Strontium (Sr), Barium 
JfvVj- br^mum (L') p Thorium (1'h), Lanthanum (La), Rubidium (Rb), Caesium 
{A-s). [ itanium (Ti) } Cerium (Ce) s and Zirconium (Zr) T These dements show 
no toXlc action in a concentration of 500 p.p.m. 

Note .—Other elements. In addition to ihc above, the following are required in 
yeast nutrition and are non-toxic: Mg, K ( Na, Ca, S, P. The elements C h H p O 
,in “ ^ comprise the major portion of yeast dry substance. 


Poisoning Capacity 11 


10,000x0 125 

p.p.m. of element to produce yeast ha If-growth 



Y EAST TECHNOLOGY 


osmium, mercury, and palladium. Of these* the two most likely to 
be met with in practice—cadmium and copper—are the most toxic 
of all elements. Of great interest* however, is the fact that growth 
with added cadmium is not entirely prevented until concentrations 
of 10 p.p.m* or above have been reached. 

Group B: Moderately poisonous group. This group contains 
the common metals, nickel, chromium, and tin, all of which may be 
encountered in the fabrication of modern brewery equipment. 
Some of the other elements in this group are likely to occur in the 
ash of brewing materials. 

Group C: Slightly poisonous group. The elements selenium 
and thallium have slight toxicity towards yeast* 

Group D: Very slightly poisonous or non-poisonous group. 
These elements show no toxic action in a concentration of 500 
p.p.m* and thus have a poisoning capacity of less than 2-5. 

It is comforting to see that such elements as iron, aluminium 
and zinc, commonly used for fabrication of components of brewery 
plant fall into this group. In addition, many of the elements 
in this group occur to varying extent in the ash of brewing 
materials. It was of great interest to find that a concentration 
of 1000 p,p + m. of the halogen elements iodine, bromine, and 
chlorine (as their potassium salts) had no poisonous action 
whereas fluorine had a considerable toxic effect with a poisoning 
capacity of 13*9, 

It was necessary in certain cases to modify the composition oi 
the basal medium to avoid precipitation of the added element by 
anions normally present. For example, when the effect of silver 
was being examined, all chlorides were kept out of the basal 
medium, the calcium normally added as chloride being present as 
nitrate. Similarly, the effects of barium, lead, and strontium were 
examined in media free from sulphates. 

Phosphate, of course, is essential to yeast growth and was always 
used in the composition of the basal medium, sulphate being 
replaced by a small quantity of amino acid sulphur to provide 
sulphur essential to normal yeast growth. 

Some of the elements were precipitated as sulphide upon the 
yeast by hydrogen sulphide evolved during normal growth. 
Addition of iron, copper, nickel, and Iceh!, thus gave rise to black- 
coloured yeasts. 
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Results in non-synthetic media 

It can be seen from the above that growth of yeast in a synthetic 
medium can be inhibited completely by the presence of I p.p.m. 
of copper in the medium at the start of the fermentation. The 
addition of molasses or malt worts at the start of the fermentation, 
however, brings about a profound change to the situation, for 
example, when 10 per cent of the sucrose in the medium was 
replaced by beet molasses (1 grm. of sucrose replaced by 2 grm. 
of beet molasses containing 51) per cent sugar) an addition of 
5 p.p.m. of copper gave virtually the same yield as the control 
(194 grm. of yeast) and additions of 10, 20, and 25 p.p.m, of 
copper gave yeast yields of 17-3, 10-8, and 5 grm. of yeast 
respectively. The addition of mail w ort was found to have similar 
results. Thus, when 10 per cent of the sucrose was replaced by 
equivalent fermentable matter as malt wort (1 grm. of sugar 
replaced by 10 ml of malt wort of sp, gr. 1-059), additions of 5 and 
10 p.p.m, of copper gave respective yields of 8-3 and 34 grm. of 
yeast. Indeed, no diminution of yeast yield was found by adding 
30 p.p.m. of copper to the medium when all the sucrose of the 
medium was replaced by an equivalent quantity of malt wort; 
the only noticeable etfect of the copper in this case was the 
darkening of the final yeast crop tine to the formation of 
black copper sulphide which was deposited upon the yeast. (See 
Chapter XV.) 

The protective action of molasses and malt wort was also found 
when cadmium, silver, mercury, and osmium were added to the 
media. No complete explanation of this protective action has been 
so far advanced. It does, however, appear likely that when 
molasses or malt wort are added, the metallic cations may be either 
partially precipitated by some of the constituents of the molasses 
or malt, or taken into a complex in which the metal is un-ioniscd, 
ant! is thus virtually removed from effective poisonous contact 
with the yeast cells. 

With respect to poisoning of yeast by cadmium salts, it has been 
found that when a few parts per million of zinc are added to the 
medium the toxicity of cadmium is very great I v reduced. The 
proximity of zinc and cadmium in the periodic table may have 
something to do with this effect. If the metals are mutually anta¬ 
gonistic it is not difficult to believe that the poisonous effect of 
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cadmium is due to its antagonising the entry of essentia! zinc into 
the veast cell 

Practical considerations 

Most practical manufacturing experience of toxicity of metals 
to yeast growth and fermentation has been gained with reference 
to poisoning of yeast by copper. 

When yeast is grown in either a molasses of malt wort medium 
the operation can be carried out successfully in a copper ferment¬ 
ing vessel, provided that all the wort is present at the start of the 
operation. In this case, the yeast can tolerate quite high concen¬ 
trations of copper (up to concentrations of the order of 30 or 
40 p p m, on the medium) and yield will not he greatly reduced, 
although the yeast colour will be very dark. Under these con¬ 
ditions copper often accumulates in the final yeast—probably as an 
insoluble layer upon the outside of the cells—and the copper content 
of the final yeast can be as high as 1000 p.p.m. on dr}' matter with¬ 
out much reduction in yield. When, however, yeast is to be grown 
in an exponentially-fed process, in which case the seed yeast is 
placed into a solution of inorganic salts and the sugar-containing 
wort is run into this over the course of the growth period, the 
situation is entirely changed, A concentration of only 1 or 2 p.p,m. 
of copper in the initial salt solution into which the yeast is seeded 
can substantially poison the seed yeast and cause reduced yield. 
Indeed, if the poisoning is sufficiently bad* the seed yeast often 
breaks down and disappears into the solution after a few hours. 
A bare copper fermenting vessel cannot, in these circumstances* 
be used for this type of fermentation, 

Copper poisoning is often accompanied by some interesting 
morphological effects. The budding daughter cells are often killed 
before the parent cell, which sometimes throws off a further bud at 
a later stage. Groups of three cells—mother cell and two attached 
buds—are quite commonly seen in yeast poisoned by copper. 
From the results of the tests with synthetic wort it is clear that 
cadmium should never be employed at any stage in brewery 
operations. 

Nickel and tin could, in certain circumstances* give rise to yeast 
poisoning, particularly in exponent!ally-fed operations. Other 
common metals have little or no toxicity and are not likely to lead 
to trouble. 
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Summary 

(1) The inhibiting effect of 50 of the commonest of the elements 
to the growth of vea&t in synthetic media has been examined. 1 cn 
of the elements—carbon, hydrogen, oxygen, nitrogen, magnesium, 
potassium, sodium, calcium, sulphur, and phosphorus are normally 
required for full yeast growth and have no toxic properties. The 
other elements examined have been placed into four categories— 
the group of elements with extremely poisonous effects upon yeast; 
the group having a moderately toxic action; a group showing only 
slight toxic action; and a large group exhibiting only very slight or 
no toxic eff ect. 

(2) Cadmium is the most poisonous of the dements but copper, 
silver, osmium, mercury, and palladium are also extremely toxic. 
The toxicity of cadmium is reduced by addition of a few parts per 
million of zinc to the medium, 

(3) The toxicity of these elements is reduced by the addition of 
either malt or molasses worts to the synthetic medium. It appears 
likely that in these media the ionisation of the toxic elements is 
reduced by the formation of complex bodies with proteins, amino 
acids, peptones, and other substances present. 

(4) Copper poisoning can easily be encountered in practice when 
using copper plant in increment ally “fed yeast processes. Such 
poisoning is often accompanied by interesting morphological 
changes in the yeast, budding in particular being abnormal. 
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YEAST GENETICS 

W ithin the last two decades a very large volume of work has 
been carried out upon the life cycle mechanism in yeasts, 
and it has been shown that yeasts, in common with higher forms 
of plant life, conform to definite ordered patterns in their genetical 
behaviour. 

The nucleus of the yeast cell governs the life cycle of the cell 
and contains either one of two sets of chromosomes, Lindegren(l) 
claims that the normal diploid cell contains six “homologous pairs" 
of chromosomes. Along the length of the chromosomes are 
situated the genetic factors or “genes”. Each gene is responsible 
for one definite character or property of the yeast cell (e.g* 
a gene can control some definite enzyme property of the cell). 
Each chromosome in the “homologous pair'* is precisely similar 
to the other twin chromosome apart from the fact that variations 
may occur in the nature of the genes at the individual gene centres 
or loci. One chromosome may contain a gene which deter¬ 
mines cell length, whilst its corresponding chromosome contains 
a length-determining gene of different nature (Saccharomyces 
It aliens t for example, has been shown by Ditlevsen(2) to exist 
as long-celled diploid and short-celled diploid types, the cell 
length being determined in one case by a gene determining long 
cells and in the other case by a gene situated in a precisely simi¬ 
lar position upon the sister (homologous) chromosome but 
determining short cell-length). The two genes are known as 
“allelomorphs’ 5 and the tw r o factors discussed above are an 
“allelomorphic pair” determining the length of the cell. All pro¬ 
perties of yeast cells are determined by such factors. 

In certain cases one character of an allelomorphic pair dominates 
the other character and completely masks its properties. In the 
case discussed above, Ditlevsen showed that the long cell length 
allelomorph dominated the “recessive” short cell-length allelo¬ 
morph, When the two allelomorphs are present, m this case, as 
genes in two neighbouring homologous pairs of chromosomes in a 
diploid yeast cell the cell is long. It is only when two recessive 
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allelomorphs are present in an homologous pair that the cell con¬ 
taining them is influenced by their character—for example, a 
Saccharomyces lialiem cell containing homologous pairs of 
chromosomes each earning a short cell-length gene will be short 
in length. Many properties of cells are determined in a similar 
fashion and it appears likely that most physiological characters 
of cells are determined genetically. Production of enzymes is 
determined by the genetic build up of the cell. 

It is necessary at this stage briefly to review the life-cycle of 
Saccharomyces cerevisiae to understand how variations in charac¬ 
teristics can be produced in yeasts. 

Kruis and Satava(3) showed that an ordinary diploid yeast cell 
arises from a union or sexual fusion between two small haploid 
gametic cells which in their turn arise from yeast ascospores. 
Wingc confirmed the details of this life cycle(4) and later the work 
of Wingers Carlsberg school and the American School of C\C, 
Lindegren have covered a tremendous amount of ground in 
determining the basic facts relating to yeast genetics. 

Normal diploid Yeast cells under good nutritional conditions 
produce spores. Often a diploid cell of Saccharomyces cerevisiae 
will produce four such spores, w hich arc the resting stages of yeast 
in nature (e,g. in fallen fruit) and which are more resistant to heat 
than normal vegetative ceils. The spores may germinate under 
favourable conditions giving rise to haploid yeast cells. The 
normal diploid cells when speculation takes place undergo a 
“meiosis 1 ' (or ‘"reduction division") in which the homologous 
pairs of chromosomes in the original yeast cell segregate from each 
other and by a complicated process each spore receives only one 
single set of chromosomes; the other members of the homologous 
pairs of chromosomes are situated in another spore. The spores of 
yeast (and the haploid yeast cells resulting from their germination} 
arc thus true gametes and akin to eggs and sperms in animal 
reproduction. Fusion of two haploid gamete cells gives rise to a 
new individual diploid nucleus which combines the genetic 
properties of the two sets of chromosomes as explained above. 

Winge has studied the actual mechanisms by which the di[fluidi¬ 
sation of the two haploid spores occurs, lie has stated that spores 
adjacent to each other may fuse directly to form a new diploid 
yeast cell, A haploid yeast cell from one spore may fuse with a 
similar cell from another spore; a spore may fuse with its own 
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daughter cell; daughter cells from one single spore may fuse to 
form new diploids and a spore may also fuse with a grand¬ 
daughter cell. 

Lindegren has shown that of the four spores of a diploid yeast 
two are of one sex-type (mating type), the other two being of an 
opposite sex-type. He designates these mating types as a- and 
a-types and these give rise to the haploid cells upon germination. 
Lindegren has stated(5) that an a-cell is capable of copulating 
with an n-cell, but that similar mating types cannot copulate. In 
the same paper he describes practical methods of cell hybridisation: 


(«) Ascospores may be separated by delicate methods upon 
micro-manipulators under the microscope and placed together for 
copulation (VVinge’s method). 

(6) The above, as Lindegren states, is difficult in some of the 
more poorly equipped and staffed industrial laboratories and he 
describes a technique of "mass copulation which should answer 
the same purpose technically. The diploid culture is sporulated 
upon a gypsum block, after growing it in a rich prespomlation 
medium. The yeast cells and ascospores produced after incubation 
of the moist gypsum block for two days at 25^C, are suspended in 
water for 2 to 4 min. at 5TC. when any vegetative cells are killed, 
the spores alone surviving. These are plated upon solid media 
and give rise to haploid yeast colonics which are small and rough 
and very unlike the smooth, large diploid colonies. The colonies 
are worked up into haploid cultures and tested lor their ferment¬ 
ation properties. Promising cultures may then be mass copulated 
together to attempt hybridisation—that is, the production of 
yeasts bearing some of the properties of both parent haploid types. 
Lindegren states that deficiencies may be eradicated by hybri isa- 
tion and shows that hybridisation between haploids each with a 
definite different deficiency' usually produces a diploid with neither 
deficiency, Serial selection by repeated culturing of the haploid 
culture is stated to weaken the mating strength of the culture an 
care must be taken that hybridisation is not rendered impossible 
bv repeated culture treatment of this kind. Lindegren believes 
that Toruta and Zygosnccharnmyces may be examples of Sacrfin- 
romyces type yeasts which have at one time or other segregated 
into haploid types which have permanently lost the power of 
copulation—that is, they have no perfect stage, 
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From all the foregoing it may be seen that yeast cultures derived 
from a single cell may not remain pure indefinitely* So long as 
only vegetative reproduction occurs without mutation the charac¬ 
ters of such cultures will remain pure. However, if sporulation 
occurs in a heterozygous yeast there is a segregation of genetical 
characteristics resulting in a transformation of the original culture 
into a mixture of different combinations of genetic types. Only a 
culture from a single spore (a haploid culture) will, theoretically, 
remain pure and this only so long as mutation does not occur. 

Mutation is a most important phenomenon due to changes in 
genetic make-up caused, it is believed, by variations in energy 
quanta in the genes. Mutation may be encompassed by sub¬ 
mitting the cell to ultra-violet and X-ray irradiations and many 
claims have been made that new yeast properties have been 
encompassed by such physical methods. Such mutation may take 
place spontaneously in a culture and alter some of the properties 
of the yeast. Somatic mutation is the name given to mutation in 
the normal cell as opposed to mutation taking place in the gametes 
and this type of mutation may take place in a diploid culture. It is 
generally believed that evolution has taken place by the mechanism 
of mutation. A mutation may give rise to an individual cell which 
is either encouraged or discouraged to thrive and displace the 
original type by the particular environment in which the cell is 
growing. The nature of the stock is thus changed by the pro¬ 
cesses of natural selection. 

Much work has been done to form hybrid yeasts by crossing 
different yeast strains and types to produce yeasts having the 
advantages of both parents. Many such crosses have been made; 
for example, 

S> ellipsoidal $ X S. validm. 

S. valid us x S. Ifalicus. 

Zygosaccharoniyces X Saccharomyces (an inter-generic crossing). 

Winge and Laustsen, who have carried out the above-mentioned 
work(6), have stated that if one of the parent types contains some 
particular enzyme, this enzyme always appears in the hybrid yeast. 
Ihcy believe that there should be no fundamental distinction 
between wild and culture yeast types. These authors have 
shown(7) that some degeneration may occur by “inbreeding’' 
yeast from a single spore. 
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Winge (8} has summarised his work on yeast genetics. He 
states that it is of the greatest difficulty to maintain even a single 
spore culture in an unchanged state genetically, 

Winge and Laustsen(9) showed that the species hybrid 5, ellip- 
soideusxS* validity was broadly intermediate between both parent 
types and exhibited improved vegetative properties but was 
practically sterile. As discussed by Thorne(10), this is a similar 
circumstance to the results of crossing of horse Xa$s to give the 
vigorous but sterile mule. 

Both Winge and Lindegren have great hopes that brewing and 
baking yeast stocks may, ultimately, be improved by the hybridisa¬ 
tion technique between suitable yeast types with the methodical 
selection of the individuals exhibiting the most satisfactory sets of 
characteristics, 
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FOOD AND FODDER YEASTS 

D uring the past fifteen years or so a great attempt has been 
made in many countries to devise processes in which indus¬ 
trial wastes and voluminous and uneconomic by-products of 
various processes have been converted into materials of con¬ 
siderable value using micro-organisms of various kinds for such 
purposes. The main lines of attack have been as follows; 

( 5 ) To convert various cheap sources of carbohydrate into 
assimilable carbohydrates which can be used to grow normal 
Saccharomyces yeasts, 

(6) To isolate and develop special yeasts and yeast-like 
organisms which will grow more satisfactorily than Saccharomyces 
types upon such carbohydrate sources, 

(t) To develop special yeast types which have a superior feed¬ 
ing value and are more palatable than Saccharomyces types. 

(d) To develop processes in which abnormally large quantities 
of some particular substance are produced by the cells fats or 
vitamins). 

Such yeasts are used for baking purposes, as food yeasts for 
man, as fodder yeasts for animals, or as raw material from which 
yeast break-down products may be prepared. 

Molasses of various kinds, once difficult to dispose of, have 
become the prime raw materials upon which yeasts of various 
kinds may be grown. Molasses types are mentioned elsewhere in 
this book. 

Wood hydrolysates have become of considerable importance as 
carbohydrate sources in the last few years and attempts have been 
made in many countries to supplant the more conventional grain 
and molasses materials as substrates by wood sugars. The wood 
sugars arc produced by acid hydrolysis by the Bergius and 
Scholler methods, amongst others. Sugars from hydrolysis of 
straw wastes have also been utilised to some extent. 

Sulphite liquors from paper-pulp manufacture are now of con¬ 
siderable importance in the large paper-producing countries. 
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Waste fruit juices and pulps have been investigated for suita¬ 
bility as substrates and pear and citrus cannery wastes have been 
utilised(l). 

Milk wastes (e.g. whey from dairies) have been used as substrates 
in the production of lactose-fermenting yeasts. 

The use of any of these raw materials is always attended by the 
following considerations: 

(1) Pre-treatment of the raw material to produce the maximum 
quantity of assimilable sugar and other carbon-containing 
materials for the organism has first to be investigated. 

(2) The best mixture of the material with "conventional” sugar- 
containing materials such as grain or molasses to produce a good 
nutrient medium for the organism must be worked out 

(3) The necessary quantity of inorganic salts to be added to give 
maximum growth must be determined. 

(4) T he correct conditions of temperature, pH, aeration, etc., to 
produce maximum yield of the organism or of the desired product 
must be found, 

(5) Methods of harvesting the crop of organism or products 
must be worked out 

Organisms used 

Many organisms have been investigated, and amongst many 
others the following have been used: 

Saccharomyces cerevisiae (many strains). 

Saccharomyces logos. 

Sac charomyces lact is. 

Willi a species (e.g. Tf, anomola ). 

Endomyces species (e.g, E, vernalis). 

Torn,bp sis species—usually varieties of T. utilis ( e.g. T. titilis 
vat major). 

T. utilis tkermophila. 

T. pnlcherima. 

T. Candida, 

7 \ lipofera. 

T. lactosa, 

Manilla species (e.g. Monilia Candida), 

Candida pukherima. 
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Candida arborea. 

Candida tropic alts. 

Mycotorula lipolytic a. 

Hansemda ariomolti. 

Han sent da suaveolens. 

Oidiuni species, e.g, O. lactis, 

0, Wadroth, 

O, amycelica. 

Rhodotorula gracilis. 

Nec fa rotnytes teuhaujd* 

(Note.—M ilk wastes may be treated with various lactose-ferment¬ 
ing yeasts to produce ethyl alcohot(2), Yeasts used included S, 
fragilis t lad is, S. anainensis, T. crentoris, 1. sphaerica, T. ladosa, 
and T. kefit ,) 

Some of the organisms named above are able to utilise a wider 
variety of carbohydrates than Saccharomyces yeasts as carbon 
sources. For example, some of the Torulae can use pentoses as 
well as hexoses and disaccharides as their basic carbon source, 
Tonda utdis grows well upon many media* is a rich source of 
vitamins of the B group and has a pleasant meaty flavour when 
dried. It is stated to be more acceptable than Saccharomyces as a 
lood supplement. It has been grown for some years in the West 
Indies (Colonial Food Yeast Ltd) as □ source of vitamins and 
protein for use in a region in which the diet of the natives has been 
notoriously lacking in these materials. 

Some of the organisms have been used with the primary 
objective of fat production, particularly valuable to a war-time 
economy. 

The following short account reviews what appear to be the most 
interesting advances in the production of food and fodder yeasts, 

Use of Saccharomyces cerevisiae by conventional pro¬ 
cesses 

Figures quoted by S, B. Lee{3) show that in the U.S.A, in 1945 
a total of 2H7.462.765 lb. of yeast were manufactured. Of this, 
252,430,000 lb. were compressed yeast and 13,295,000 lb, dried 
active yeast (in eleven months of the year). Yeast from brewery 
sources amounted to 10,868,883 lb,, consisting of 2,509,281 lb. of 
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food yeasts and 8,359,602 lb, of fodder yeast. The same source 
states that a survey by the Brewer's Yeast Council, Inc., showed 
that there was a very large potential yeast production from breweries 
in the States but that only relatively few p breweries were recovering 
their yeast. It was shown that, of a survey of 400 breweries, 59 
were recovering their yeast (about 18,000,000 lb* per year), but 
that 70 of the remainder could add another 15,000,000 lb, if they 
were to collect their yeast. It was estimated that, at a competitive 
price with other feed supplements, hundreds of thousands of 
pounds of yeast could he consumed annually as cattle, pig, and 
poultry foods. 

The figures for yeast production in the British Isles are more 
difficult to compute, but about 50,000 tons of compressed yeast 
alone are made annually, together with many hundreds of tons of 
brewers’ yeast used for animal feed, pharmaceutical preparations, 
and vitamin and protein food supplements. 

Brewers’ yeast may be debittered before being made into food 
preparations. For example, J, V. MacDonough and T. C. 
Haffenreffer, Junr.(4), debitter yeast by washing with alkaline 
water (using sodium hydroxide) at pH about 12*1. After passing 
through a separator the yeast is treated a second time with dilute 
caustic soda, reseparated, washed, and sodium hydroxide and 
phosphoric add are added to the final cream, which is then dried 
on a drum drier, ground, and packed. 

5 . cerevisiae is prepared from molasses and sulphite liquor in 
the Heijkenskjold method(5). The sulphite liquor described con¬ 
tained a total of 2“5 percent (w/w) of sugars, about 1*6 per cent 
being fermentable. Yields are stated to average 40-55 lb. per 
ton of waste sulphite liquor. A special strain of yeast is used 
( 1( Basse 12”, Garungsinstitut of Berlin). The hot sulphite liquor 
is treated with lime, limestone, and sodium carbonate at a pH o 
about 6 0, under conditions of aeration, followed by subsequent 
decantation of the clear supernatant liquor from the sludge. A 
small quantity of molasses, inorganic nitrogen and phosphates are 
required for the nutrition of the yeast. [See U.b. Patent 1,88 , n 
(1932),] 

Use of Torula utilis 

'Phis yeast is very widely produced, using many types ot sub¬ 
strates and is used for human food or animal feed, either dried or 
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made into various types of preparations* 7\ utilis thermophila 
grows welt at high temperatures and is thus suitable for use in 
tropical conditions. 

Thaysen and co-workers have developed a process for the con¬ 
tinuous production of 7', utilis (var. major) in which yields as high 
as 60 per cent dry yeast on sugar used were obtained. This pro¬ 
cess has been reviewed by M. 0. Flora, Y. Williams, W + A. Flook, 
and J. S. Collier(6), Raw materials consist of crude carte molasses 
with additional ammonium sulphate and phosphates as sources of 
nitrogen and phosphate. This process is highly developed and 
instrumented and is carried out in a battery of ten stainless steel- 
clad fermenters each of 3000 gals, capacity* Fermentation is 
carried out with brisk aeration at 87 F. at pH 3*9-T4, The yeast 
concentration is developed up to a cell population of about 
1200 millions per ml., when a semi-continuous process is started 
by running off at a rate of 25 per cent of the volume per hour 
and replacing this by fresh medium. The process can be run 
for a week before cleaning and sterilising operations become 
necessary* 

F. O* Read(7) and G. T. Reich(8) have also described the 
production of food yeasts from molasses by somewhat similar 
processes. 

In the US.A. various Torula yeasts have been propagated, 
often by use of the continuous operation technique, on many 
kinds of industrial wastes such as hydrolysed wood sugars, 
sulphite liquors, waste from fruit canneries, etc., as well as on 
molasses. These yeasts are used mainly as supplements for animal 
feeding, 

A strain of Torula has been found which can grow in sulphite 
waste liquor, giving a means of solving the waste disposal problem 
Irom paper industry effluents* Such a method has been described 
by E. K. Harris, Ah Hannan, and P. R* Marquardt(9). The S0 2 
was removed by either lime precipitation or by steam treatment 
and a specially-designed fermenting apparatus was claimed to 
prevent excess foaming in the subsequent fermentations. 

7 orula yeasts have also been grown on wood sugars (10) and upon 
stillage left following ethyl alcohol producl:ion( 11), AY. II. 
Peterson, J, F. Snell, and W. C, Frazier(12) have stated that wood 
hydrolysates have been found suitable for the growth of Torula 
utilis and Candida tropica Its. 
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The use of wood hydrolysates and still residues from alcoholic 
fermentation of wood hydrolysates has been widely investigated 
by E. E. Harris and co-workers at the Forest Products Laboratory, 
Madison, Wisconsin(13), using 7\ utilis* Yields of between 30 
and 55 per cent dry yeast on sugar were obtained upon both types 
of materials. Considerable work was carried out upon the design 
of the best types of fermenter for this work and emphasis was laid 
upon the problems of frothing. The most rapid propagation was 
found to be at pH 6 0 in a continuous process, using the addition 
of a 4-6 per cent sugar solution into the fermenter. The wood 
sugar was produced by pumping 0-5 percent sulphuric acid through 
sawdust, shavings, or other w ood waste at 150-I80 = C,, neutralising 
with lime to pH 5 0, cooling and filtering. The sugars in such a 
process are present as a mixture of pentoses and hexoses in about 
5 per cent concentration. The still residues w ? ere obtained after 
fermenting wood sugars by T. utilis and distilling off the alcohol, 
the sugar content of such liquors being only about 0-5 per cent. 
Nitrogen was added as urea, ammonium sulphate, and ammonium 
phosphate (the latter supplying necessary phosphate), together 
with potassium and magnesium salts. Yeast propagation on wood 
sugars needs 3 4 lb, of nitrogen, 1-6 lb. of P 2 G 5 and IT lb. of 
potassium chloride or sulphate per 100 lb. of wood sugar to give 
maximum yeast yields. Wood wastes ma} r be converted into sugars 
suitable for such processes in yields of 40-50 per cent of the 
original wood substance. Sugars arc present in sulphite pulping 
waste liquor to the extent of about 11 per cent of the original wood 
substance. Food yeasts are produced in approximately equal 
yields from either the pentose or hexose sugars from w ood hydro- 
lvsis. The yeast culture usually needs to be “acclimatised" to 
growth in such media(14). 

S. O, Rosenqvlst(15) described the production of Tor ala yeast 
from molasses and still residues from fermented sulphite waste 
liquor, increased yields being claimed by use of this process than 
by the use of the molasses alone. It is claimed that the yeast strain 
used assimilates pentoses in this process. Other work reported 
upon the production of yeast in a medium containing waste sul¬ 
phite liquor has been reviewed by I. A. Pearl(I6). It is stated that 
several plants in North America are producing large yeast ton¬ 
nages by this process, L, Campbell(17) has described one such 
plant in Nova Scotia which produces annually more than 600 tons 
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of yeast. A further plant located at Thorold, Ontario, is described 
which produces bakers 5 yeast from sulphite liquors. The sulphite 
liquor is treated by a lime and soda ash process and sludge removed 
by centrifuging prior to fermentation. 

The Sulfite Pulp Manufacturers* Research League, Inc,, has 
started a plant in Rhinelander, Wisconsin, producing about 
8000 lb, of yeast daily from sulphite liquor. This is equivalent to 
about 150-200 lb. of yeast per ton of pulp(18, 19), 

The use of whey for yeast production 

Food yeast from whey has been prepared on a small scale in 
Germany using S , lactis as the organism and employing a semi- 
continuous process, i be whey is heated to 95 —100 C. to coagulate 
proteins which are removed before passing the whey through a 
heat exchanger to reduce the temperature to 30-35 C, Am¬ 
monium sulphate (0-5 per cent) is added and the brew is inoculated 
with the yeast culture. When the fermentation is well established 
continuous replacement of wort (about 10 per cent per hour) is 
begun. Vigorous aeration is maintained throughout. The product 
is centrifuged and washed and the yeast cake after pressing is 
either dried for use as dried yeast or heated to 95° C. and mixed 
with the protein initially filtered off from the whey, with added, 
salt and spices, to form a palatable "meaty"-flavoured paste. The 
final yeast has been stated lo be low in cysteine content and to 
possess a high purine content(ZO). 

American workers(21) have also produced yeast from a whey 
medium. 

The use of lactose-fermenting yeasts to produce alcohol from 
dairy wastes has been referred to above. 

Fat production by fat-producing yeasts 

The production of fat from yeasts is not likely to compete 
economically under normal conditions with the large, well- 
established processes w hich extract fat from vegetable and animal 
sources but the subject has been given a great deal of attention in 
war-time and the literature upon this topic is considerable. Fat 
(using the term in its widest sense to include lipid substances 
soluble in fat solvents) is produced by many yeasts and yeast-like 
organisms and by certain moulds. For optimum fat production 
carefully regulated conditions of growth for the organisms are 
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essential. Carbohydrate should provide most of the source of car™ 
bon, aeration levels must normally be high and the medium must be 
rich in phosphates but relatively poor in nitrogen. These con¬ 
ditions discourage unduly high production of proteins and favour 
jncreased fat production. When S, cerevtdae is grown under such 
conditions its sterol content is usually considerably increased and 
ergosterol-rich yeasts are produced in this way. The addition of 
mild oxidising agents such as certain organic dyestuffs (e.g. 
methylene blue and methylene green) often encourage sterol 
production. 

The chief organisms which are normally used for fat production 
sre HfitIc mycti vcmahs and Hhodotorula gracilis* I he organisms 
have been grown under reasonably practicable conditions to yield 
up to about 16 per cent fat upon the weight of sugar consumed 
(British Patent 602,029, 1948). The fat content of the dried 
Rhodotorula gracilis may be as high as 50-60 per cent with protein 
down to 12 per cent in a well-conducted process(22). The 
organism is grown in aerated wort containing about 4 per cent of 
invert sugar and well supplied with nutrient salts, at a temperature 
of 27-29° C. 

Oospora {oidinm) hetis and Odspora viallroth have also been used 
for fat production, using whey as a substrate. The former 
organism has also been produced in Germany from hydrolysis 
products of straw and oat wastes. A. K. Balls(23) has described 
this process which is stated to give a fat yield of about 20 per 
cent. 

Torulapsis lipofera (or a similar yeast) isolated from soil has been 
found by R, L* Starkey(24) to give yields of up to 14 per cent 
upon glucose, with a fat content of 50-60 per cent on dry matter 
grown in a 3 per cent, well-aerated glucose medium containing 
only 0*3 per cent nitrogen on sugar. 

Work upon fat production in Germany in the Second World War 
has been described by R. Y, Stanier(25). The organism most 
favoured for research purposes was Nectaromyces reukaufii on 
account of its rapid rates of growth and sugar utilisation. The 
unicellular structure of this organism made it suitable for sub¬ 
merged culture. 1 he yeast grew well upon a medium containing 
whey and wood sugars at 25 C C. with aeration. 

The production of fat and proteins by yeasts and moulds has 
been discussed by K. Bernhauer et al( 26). II, Lundin(27) has 
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discussed far production by Rhodotorula gracilis. The process 
evolved in Sweden has two stages, In the first the organism is 
grown rapidly in abundant sugar, phosphate, and nitrogen concen¬ 
trations. The second stage is a fattening stage > when abundant 
sugar is provided with little phosphate and no nitrogen, 

R. gracilis utilises glucose, fructose, and mannose and may use 
xylose if acclimatised to this sugar. The flavour ol the yeast is 
stated to he superior to that of 7\ utilh* 

Other micro-organisms as sources of food or animal feed 

H. C, Yin(28) has discussed the farming of micro-organisms 
upon a large scale. He has stated that micro-organisms arc far 
more efficient than animals in converting materials into human 
food or food supplements and grow very fast in an artificial 
environment which can be accurately controlled. lie has stated 
that much of the food of man and his domestic animals could be 
supplied by the growth of such micro-organisms upon a great 
industrial scale—shallow fermentation plants covering many 
acres arc envisaged for such purposes. Yin has shown that the 
unicellular green alga Chloretia vulgaris could be propagated in 
this way and could serve as a source of carbohydrate tor animals. 
He claims that the alga would be twenty-five times as productive 
as corn, for the yield could be four tons of dry alga per acre grown 
in eight days—the alga consisting of 50 per cent carbohydrate on 
dry’ substance. 

R, L. Meier(29} has discussed the growth of algae for animal 
feed on a large scale and J. O. llutchens(30) has investigated the 
growth of Gkilamotm parameeium for similar purposes. 

In Germany R. Harder(31) has obtained considerable success 
with the production of fat by Chlamydomonas species, 

]. K + Saeman, E. G. Locke, and G. F. Dickerman(32) have 
reviewed use of several organisms in small-scale plants in 
Germany, 

Even the artificial production of mushroom mycelium in sub¬ 
merged culture has been investigated. H. Hum1kld(33) and 
Humfield and T, E\ Sugihara(34) have described such work using 
Agaricus campestris as organism. The mycelium produced in this 
way was stated to be of excellent flavour and this work seems of 
promise in the production of mushroom flavours for use in the 
food industry. 
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Organisms used in the production of Vitamins and B 2 
Vitamin B 1 (Aneurin) 

This vitamin is synthesised biologically by the growth of 
S. certvisiae in a normal medium to which thiazole and pyrimidine 
have been added(35). This principle is widely used in the pro¬ 
duction of Vitamin —enriched yeasts. 

Vitamin B 2 (Riboflavin) 

Riboflavin has been produced in good yields by the growth of 
a variety of organisms in natural media. Ashby a gossypn, Eremo - 
thecium ashbyii, Candida species [e.g. C, guilliermondia r C» flareri) 
have been used for this purpose, together with certain lactose- 
fermenting yeasts. M. Rogosa(36) has shown that a number of 
lactose-fermenters produce riboflavin, for example, S. anamenm 
S, lactisy S. jragiliSy Tor id a spha erica, T. lactam 7 T. cremoris^ 
Zygosa cckaromyces lac t is, Mycotorula lactis , and others. Ashby a 
gossypii was used by Guillicrmond and co-workers(37) for the 
production of this vitamin and the work of L. J. Wickerham, 
M* IL Flickinger, and R* M. Johnston(38) has shown that yields 
of about 400 parts per million of vitamin are obtained when this 
organism is grown in an aerated medium containing yeast extract, 
peptone, and cerelose or sucrose or maltose (not lactose), together 
with growth factors supplied by a commercial distillers' solubles 
preparation (“Stimulflav”). A small amount of calcium carbonate 
was used, 

Ermothedum ashbyii has been used by R J, Rudert(39) to 
produce the vitamin. The substrates contained little carbohy¬ 
drate, mainly consisting of peptones, albumin, and a source of 
vegetable fat, together with mineral salts, at a pH of 6*5. The 
yield of vitamin could be as high as 6000 parts per million on 
dry substrate. 

Candida species (C. gmlliermondia^ C. fiareri, and others) have 
been used in the production of Vitamin B a , for example, by F. W. 
Tanner and J. M. Van Lanen(40). The substrate used contained 
glucose, asparagine, urea, mineral salts* and biotin but other sugars 
and sources of nitrogen may be used. I he iron content of the 
medium is very* important and must be carefully controlled, yields 
of vitamin falling with iron concentrations exceeding about 
1 microgrm. per 100 ml. of medium. The yeasts are grown aero¬ 
bically at 30 C C., the fermentation lasting about seven days. The 
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yeasts may either he mixed with other food sources as an enrich¬ 
ment of their vitamin content or the vitamins may be extracted 
chemically. 

Plant and equipment 

In addition to normal types of yeast fermenter described else¬ 
where in this book many variations in fermenter design havc T from 
time to time, been used, G, de Bccze and A. J. Liebmann(41) 
have reviewed the question of aeration in yeast production and 
have discussed the merits of several aeration devices, including 
static tube distributing methods and rotating mechanical air 
distributors, 

J. 1* Saeman, E, G. Locke, and G, L, Dickermann(42) have 
described the Waldhof fermenter, used in Germany. 'This con¬ 
tains a central “draught tube” below which the air is distributed 
by means of a revolving agitator, the air blast rising through the 
fermenting liquid on the outside of the draught tube to the top of 
the fermenter. The fermenter is so designed that when foam is 
formed it falls down the draught tube and is redistributed by the 
centrifugal action o\ the agitator. The cost of power for driving the 
agitator is obviously considerable in such a method. 

Note,— Readers are very strongly recommended to read a recent 
review upon “Food Yeast" by C. G. Dunn(43), who has sum¬ 
marised most of the significant work in this field and who has 
presented an enormous list of references to the original publica¬ 
tions upon the subject This review and bibliography should be 
0 great help to all interested in research upon food yeasts. 
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YEAST PRODUCTS: DRIED BAKING YEASTS 

M ention has been made in the chapter upon food and feed 
yeasts of the use of Saccharomyces yeasts, Torulae and 
many other micro-organisms as basic starting materials for valuable 
foods and food supplements for man and his domestic animals. 
In addition to these aspects* however, yeasts are often used as 
basic materials for the preparation of a variety of other products, 
some of which are listed below. 

Pharmaceutical preparations 

Many pharmaceutical preparations are manufactured in which 
yeast, usually dried, powdered, and then tableted, is the basic 
ingredient These preparations are widely used for the vitamin 
content of the yeasts, being a rich source of vitamins of the B and 
D groups. Some preparations contain yeast grown in processes 
which increase the natural vitamin content to a considerable 
degree. The vitamins B 1 and B 2 (aneurin and riboflavin), and 
the ergosterol (pro-vitamin D) content can all be increased to high 
figures by suitable processing. 

Ergosterol-rich yeasts—prepared from special strains of yeast 
in fermentations rich in carbohydrate and rather deficient in 
nitrogen and using high rH brewing conditions are often 
added to invalid and infant foods to enrich their sterol content. 
The yeasts may be irradiated by ultra-violet light in quartz 
tubes to convert the ergosterol into calciferol. (See Chapter 
XXV.) 

High yields of aneurin are obtainable from S. cerevisim by 
adding thiazole and pyrimidine to the medium when biological 
synthesis of the vitamins takes place. (U.S.A. Patent 
2,262,735, 1941*) 

Many organisms have been used to produce good yields of 
riboflavin in natural media. Ashlya gassypii , Eremothedum 
ashbyii , Candida species (e.g. C. guiiliermondm and C.fiareri) and 
some lactose -fermenting yeasts have been used for this purpose, 
This subject is further discussed in Chapter XXHL 
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Use of yeast and invertase concentrates in confectionery 

and sugar industries 

Yeast is a very rich natural source of the enzyme invertase which 
is of great value in the confectionery and sugar industries for 
hydrolysis of sucrose into invert sugar. 

Table syrups (treacles). To prevent these from crystallising and 
to keep them clear a small quantity of living yeast (or more often* 
nowadays, of invertase concentrate) is added to the syrup. The 
inversion ol the sucrose of the syrup produces invert sugar which 
is of considerably greater solubility than sucrose and which 
presents crystallisation in the syrup for considerable periods. 

Sugar fondants (Fondant creams). A considerable quantity of 
yeast or invertase concentrate is used nowadays in the manufacture 
of sugar fondants which are sometimes coated with a layer of 
chocolate. T he problem of fondant preparation is a most interest¬ 
ing one and is discussed below. When a chocolate cream is 
made it is necessary to prepare a hard, solid piece which can 
be handled easily and covered with chocolate. The use of in¬ 
vertase to enable the cream to he softened subsequently is of 
considerable value. 

I he consistency and composition of fondant creams are briefly 
but adequately described by \Y. Anderson(l). He shows that the 
rheological properties of the two-phase system of which the cream 
consists (solid crystalline phase and surrounding liquid phase) 
depend upon: 

(1) 1 he proportions of solid and liquid phases present, 

(2) Viscosity of liquid phase, 

(3) The particle size and size distribution. 

Syrup phase (per cent Water content of cream x 100 

by w eight of cream) [100— re fractomctcr reading (in sugar 

degrees)] 

I he more glucose and invert sugar in the cream (having higher 
solubilities than sucrose), the softer will be the cream at the same 
water content. 

Addition of invertase causes hydrolysis of the sucrose in the 
cream, the invert sugar thus formed entering into the liquid phase 
and the sugar content in this phase is increased, 'The activity of 
the invertase decreases with increasing sugar concentration and 
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the inversion is stopped at about 80 per cent (w/w) total soluble 
solids concentration in the syrup. If the liquid phase of the cream 
from the beginning has a sugar content close to 80 per cent the 
cream cannot soften considerably. Some of the total water content 
isj of course, taken up m the hydrolysis, according to the equation 
Ci 2 Ha 2 O u +H 2 Q==2 I3y adding 0-05—0*1 per cent of 

invertase (800 I.U.) sufficient softening of the fondant cream 
occurs within a few weeks. 

It should be noted that if the cream is dried out too much the 
liquid phase cannot fill the space between the sugar crystals; air 
will enter in these conditions, giving white spots. This is stated 
to occur theoretically when the volume of the liquid phase falls 
below 26 per cent. 

If the concentration of dissolved solids in the syrup phase falls 
below about 75 per cent (by weight) (depending to some degree 
upon the pH of the cream) fermentation of the fondant by osmo- 
philic yeasts is likely. In acid creams or jams the growth of such 
yeasts may be prevented by soluble solids content of 73 per cent 
or above. 

Living yeasts often give a “lard-like” taste to fondants especially 
if the yeasts are heavily contaminated with bacteria when used and 
some manufacturers consider invertase concentrate superior. 

A publication by C. Neuberg and I. S. Roberts(4) discusses 
commercial uses of yeast invertase very fully. 

Preparation of invertase from yeast 

Invertase can be prepared from yeast by autolysing the yeast, 
extracting with water and precipitating the enzyme with alcohol, 
after which the precipitate is dissolved in glycerin or salt solution 
and its strength adjusted to a standard value before filtering 
through a bacteriological filter and filling into sterile bottles. 

Use in artificial meat extracts, sandwich spreads, gravy 

compounds, etc. 

The use of yeast for the manufacture of preparations for the 
above purposes has been practised for many years. The yeast is 
usually autolysed (after debittering by suitable treatment if 
brewers 1 yeast is employed), after which the autolysed mass is 
flavoured with vegetable extracts and usually coloured with 
caramel and packed in a variety of ways, 
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The autolysis is carried out with the addition of a large quantity 
of salt to suppress the growth of putrefactive bacteria. 

Use in human and animal feeding 

Dried yeast (with the cells killed by heat) is used in various 
ways as food supplements (sources oi protein and vitamins of the 
B group) in the food of man and animals. This is discussed in 
Chapter XXV. 


Dried “live” yeast for baking purposes 

Dehydration of yeast to produce ‘live” yeast for baking pur¬ 
poses gives a yeast which can he stored at normal atmospheric 
temperature for weeks or months without undue loss of viability 
and without I ear of destruction by putrefactive bacteria. This 
product is, in some ways, the ideal method of packing yeast for 
use ou board ship, in country areas lacking in regular transport 
facilities and cold storage, in the tropics, and so on. Unhappily, 
although a large quantity of yeast is indeed sold in this form, a 
great deal of the viability of the original yeast cells is lost in 
processing and the very best dried yeasts are rarely better in 
dough-raising power than an equal weight of normal “wet** yeast 
Obviously, if \east could be dried without loss of viability only 
one-third to one-fourth of the normal yeast weight would need 
to be used for any process. This product is consequently a very 
expensive form of yeast and is often uncertain in action. The 
fermenting power deteriorates gradually with age and, for a 
maintenance of reasonable keeping properties, the product must be 
packed in an air-tight tin and stored under dry, cool conditions. 
The requisite amount of yeast is taken and mixed with water (or 

dilute sugar solution) for rehydration before mixing with the 
flour. 

Active dried yeast may be prepared by mixing yeast w ith strong 
malt extract solution,* filter-pressing the product to as dry a state 
as possible and dehydrating at the lowest possible temperature 
(30-35T.) in a stream of warm air in a kiln drying machine. The 
product should be used preferably within 3 to 6 months of 
preparation and the purchaser should be informed by a date on the 
package, of the time at which the product may be expected to 

■'J 11 nu.fiicturers mix with malt flour and mineral saks for ease of re- 
n>dration of the dried product. 
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maintain a reasonable fermenting power, Figures for the pro¬ 
duction of active dried yeast quoted by R* E* Morse and C* R. 
Fellers(2) show that 6000 tons were produced in the United 
States in 1945* Large quantities of this product are also prepared 
in Australia* Production in the British Isles is not large. Morse 
and hellers and certain other authors have shown that temperature 
of storage is probably the most important factor governing the 
shelf-life of active dried yeast, yeast viability being rapidly lost at 
storage temperatures much higher than 20-25°C* Deterioration 
uas most rapid in an atmosphere of air but was reduced in 
atmospheres of nitrogen, carbon dioxide* or in vacuo. The storage 
of this product in an atmosphere of carbon monoxide was the 
subject of a patent by Atkin, Kirby, and Frey(3). 
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YEASTS AND ANIMAL NUTRITION 

F or many years it has been recognised that yeasts have a con¬ 
siderable nutritional value and are rich sources of proteins 
and vitamins. Broadly speaking, Sacckaromyces cercvisiae and 
Torula utilis have similar feeding values but it has been statcd(l) 
that Torula is to be preferred for nutritional purposes for its 
superior flavour and payability. The same authority lias stated 
that such yeasts contain the essential amino acids in kind and 
proportions similar to those found in a good mixed diet. Parti¬ 
cularly important is the content of lysine which is likely to be 
deficient in a diet mainly composed of cereals. 

On a dry -matter basis normal food, baking, and brewing yeasts 
contain 45-52 per cent of protein, 1—2*6 per cent of fats and arc 
good sources of calcium, iron, and phosphorus. The protein 
of brewers’ yeast probably ranks between high quality animal 
proteins and the best plant proteins in biological value. 

R. J. Block and B. Bol!ing{8) have compared the amino acid 
content of crude yeast protein and good quality muscle protein 
and have shown remarkable similarity to exist between the two 
protein sources. Figures obtained by Block and Bolling are 
quoted in the following list, the amino add content of the muscle 
protein being listed in brackets. 

= 7-1%) 
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C. G. Dunn(9) has collected together analyses of the amino 
acid composition of several distinct varieties of food yeasts and 
has also summarised analyses of the vitamin content of such 
yeasts. 

The American Brewers’ Yeast Council held a large symposium 
entitled, easts in Feeding” (Milwaukee) in November 1948, and 
a series of valuable papers upon nutritional values of yeasts 
was presented(2), The following main points were brought for¬ 
ward at this conference* 

Vitamin contents of yeast 

W, H, Peterson showed that the following vitamins were present 
in yeasts. (All contents expressed as microgram per gram of dry 
material.) (Parts per million.) 

Aneurin. (Thiamin, Vitamin R^) Varies between 5 and 125, 
brewers' } r east containing 60-125, T. utilis 5-3$, bakers' 
yeast 24-39. 

Riboflavin. (Vitamin R 2 .) Varies between 21 and 80, little 
difference being found in yeast variety in this case. 

Niacin* (Nicotinic acid or amide.) Varies between 150 and 830, 
variations being great in all types of yeasts. 

Pcuitothemc acid. Figures of 40-280 have been recorded. 
Bakers 1 yeast appears to be the best source (200-280), Torula 
containing 40-139 and brewers' yeast 42-200. 

Pyridoxin . (Adermin, Vitamin B G .) Values of 25-10 have been 
recorded for brewing and baking types* 

p-Aminohenzok acid , Bakers' yeasts contained 32-62, com¬ 
pared with 19-62 for T, utilis. 

Folic acid. (Pterolyl glutamic acid.) Contents of 19-36 for 
bakers', 19-22 for brewers' and 10-15 for T. utilis were 
recorded. 

Biotin, Figures varied between 0-8 and bS for bakers' yeast and 
045 and 3-6 for Torula, with brewers' yeast containing about 
08 . 

Availability of vitamins was discussed by H. T. Parsons who 
showed that when unfortified live bakers' yeast was consumed by 
humans it greatly resists digestion and much of its valuable 
vitamin content is lost in the faeces. In addition to this it was 
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stated that the live yeast actually robs the patient of vitamin 13, 
present in the digestive tract from other sources* 

The remedy for this latter is stated to be in killing the yeast 
before the dose is taken which also improves availability of vita¬ 
mins F^and but not of biotin* 

Many uses for yeast as a dietary supplement were suggested — 
a high yeast content in bread is a particularly valuable method of 
improving the diet. Dried yeasts may also be added to soups* 
stews* buns* and cakes, be eaten as a spread upon bread and butter, 
used as artificial nuts in cream, as a flavouring in sweets and 
chocolate and in other ways, 

J' McGinnis has discussed the value of yeasts in chicken and 
turkey diets, Yeasts are relatively deficient m methionine but when 
a diet of mixed yeast and other protein nutrients (e,g, fishmeal) 
was used satisfactory results both for egg production and hatch- 
ability were obtained. Without use of fish meal the hatchability 
of the eggs was reduced. 

1 he use of 2-3 per cent of dried yeast in the diet of pigs and 
calves is stated to give most beneficial results. Such feeding 
supplement is very valuable during critical periods: for example, 
early growth, gestation* and lactation (R. V, Boucher). 

Dried yeast has been variously stated to be used in the treatment 
and prevention of anaemia* arthritis* cirrhosis, diabetes, hyper¬ 
tension* and even in the postponement of senility! 

0. M. McCay(3) has discussed the value of yeasts as dietary 
supplements during a war-time survey. It is stated that too much 
yeast should not be fed to man or animals owing to the relativelv 
high purine content. 

Vasts contain ergosterol amongst their fat fraction* and irradia¬ 
tion of this sterol with ultra-violet light produces Vitamin D., 
(calciferol). Bills cl al.( 4) have discussed factors determining the 
ergosterol content of yeast and have shown that normal cells of 
Saccharomyces cerevisiae contain on the average about 0-6 per cent 
ergosterol on dry substance* Yeasts specially grown to obtain 
a high sterol content may contain up to 1-6 per cent ergosterol 
(on dry matter)* Steenbock ct aL(5) showed that the Vitamin D 
potency of yeast could be raised to 2700-7500 International Units 
per grrm by irradiation (the potency of a good cod-liver oil being 
approximately 100 Units) and that such irradiated yeast was of 
^ rut value in cattle feeding. Yeasts are regarded as amongst the 
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best sources of ergosterol and are used in large quantities in the 
pharmaceutical industry for the preparation of Vitamin D by 
Irradiation. The natural irradiation of the thick yeasty layer 
indigenous to cacao beans after fermentation followed by drying 
in tropical sunshine makes cacao shell a very fine source of 
Vitamin D (potency of 25 or more International Units per grm.), 
and this by-product of the cocoa industry may be used with 
advantage as a cattle feed supplement at the rate of 2 lb. or so 
daily(6, 7). 

C. G. Dunn(9) presents a comprehensive list of references 
upon the food value of yeasts and readers are recommended to 
refer to tins review if details of the vast amount of work done upon 
this subject are required. 
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YEAST AND THE BAKING INDUSTRY 

By E* J. TIPPER, Fellow of the Institute of British Bakers, 
Lecturer in Baking Technology, College of Technology^ Birmingham 

I K addition to using yeast in the production of bread, the bakery 
industry' uses yeast as an "aerating ' or “leavening" agent for 
a wide variety of buns and various Items of confectionery. 

Bread is the oldest form of food upon which solid historical 
information is available and it is known with some certainty that 
unleavened bread consisting of solid cakes of roughly ground 
cereals was a staple form of diet about 600(1 b.c + Both unleavened 
and leavened bread are frequently mentioned In Biblical history, 11 
appears likely that the discovery of yeast, or “leaven”, was purely 
accidental; a piece of unbaked dough would probably, at sometime, 
have been left exposed to the air and would In this way become 
Infected with airborne yeasts. The dough would soften and 
increase in volume and, when baked, would have been found to be 
much more palatable than the unleavened counterpart. Such a 
practice of leaving dough lor some time exposed to the air would 
sooner or later have led to the practice of saving a piece of dough 
for the purpose of starting the leavening action more quickly and 
more certainly* 

ihe "leaven” method of bread-making persisted, with various 
modifications, until about the middle of the nineteenth century, 
hor many years various types of “barms”, including brewery 
barms, were used as sources of yeast, but at the turn of the 
present century compressed yeast was introduced to the baking 
industry'. r l he introduction of compressed yeast in time created 
a complete revolution in the methods of bread-making and 
in tlic character of the loaf produced, At the same time great 
advances were being made in the technique of flour milling 
and in mechanisation techniques in bakery practice and these 
all tended to make bread production a more highly organised 
procedure. I he fermentation of a dough with leaven* barm 
or brewers' yeast was a very haphazard and uncertain process, 
ohen extending to twelve or sixteen hours owing to the weak 
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nature of the yeast and the presence of many foreign, micro¬ 
organisms, T he resultant bread was dark in colour* of very strong 
flavour, small in volume and dose in texture. Modern compressed 
yeast has enabled fermentation time to be cut down to as little as 
two hours and the modern "short process” can be maintained 
with only minor adjustments from day to day, using fresh yeast to 
produce satisfactory break of uniform quality. Processes of two 
distinct types have evolved. The first, the "ferment” or "sponge 
method is one in which the dough stage proper is preceded by a 
preliminary stage or stages. The second, more widely used, 
method called the "straight dough” method, is one in which all 
the ingredients are mixed together at one time. These will be 
discussed in some detail later. 

Before proceeding to discuss the use of yeast in baking it is 
desirable to examine, briefly, the properties of flour—-the principal 
ingredient of bakery products and the ingredient upon whose 
characteristics the nature of the finished loaf so much depends. 


Flour and flour properties 

W heat flour is essentially a mixture of starch, gluten-forming 
proteins and small amounts of soluble proteins, fats, mineral salts, 
traces of vitamins, and other substances. For bread-making 
E, B. Bennion in his book, Breadmaking( 1) suggests that a flour 
should have the following approximate composition: 


Gluten-forming proteins 11 percent. 
Starch 


Sugars 

Soluble proteins 
Fat 

Mineral salts (ash) 
Moisture 


69 per cent, 
around 2-5 per cent. 
1 per cent. 

1 per cent. 
£>5 per cent, 
15 per cent. 


The flour proteins fall into four groups: namely, those soluble 
in cold water (albumins); those soluble in salt solutions (globulins); 
proteins soluble in 75 percent alcohol (gliadin); and those insoluble 
in any of these solutions (glutenin). Wheat gluten is considered 
to be formed w r hen the flour is wetted with water and consists of 
the albumin, gliadin and glutenin, together with traces of certain 
other materials. The gluten governs the chief properties of the 
dough and the properties of the gluten are probably largely 
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dependent on the colloidal nature of the gliadin and gluten in of 
which it is composed* When the flour is made into a dough with 
water tile proteins become hydrated to a greater or less extent! 
dependent upon temperature and other factors* Mixing of a 
dough mechanically helps in the hydration of the gluten* It is 
important to realise that flours produced from wheats grown in 
various parts of the world differ very greatly in their properties and 
the nature and quantity ot gluten present in Hours can vary very 
widely. I or example, No. 1 Manitoba wheat produces gluten 
with better gas-retaining properties than most other wheats, and 


gives rise to "strong"' flours ot long “fermentation tolerance”, 
whereas English wheats yield “weak” flours of short fermenta¬ 
tion tolerance* Strong Hours require a relatively long fermenta¬ 
tion period to produce the best bread—that is, for the dough to 
ripen . 1 he term ripening is very difficult to explain from 

the scientific point of view. Il a loaf is baked from underripe or 
overripe dough the nature, texture and volume of the bread are 


not completely satisfactory* \\ hereas insufficiently ripened dough 
may be stretched without breaking but is lacking in spring or 
elasticity, overripe dough cannot be stretched very far without 
breaking. It is the consensus of opinion that the ripening of 
dough is due to mild proteolytic action of enzymes on the gluten 
which brings about the necessary physical and chemical changes 
by which the gluten is ripened. This will be discussed later in the 


section on panary fermentation* 

I he sugars in dough consist of a mixture of maltose, dextrose, 
sucrose, and levosin (fructose anhydride) preformed before the 
Hour is made into a dough, f urther fermentable sugars arc pro¬ 
duced from available starch by diastatic enzymes in the dough 
during panary fermentation. The sugar content of flours is usually 
expressed nowadays as the “maltose figure” (an arbitrary figure) 
showing the total reducing sugar present as maltose when the flour 
is incubated in a standard way with water at 27 s C. for 1 hr. 
Good bread-making flours should give a maltose figure of b 5-2-3 
per cent. If this figure is below' 1-5 per cent the amount of gas 
produced during fermentation may be insufficient and bread of 
close texture, small volume, and deficient in bloom may be pro- 
duced. In such a case sugar-containing substances should be 
added to the flour, for example, malt flour, malt extract, etc. Too 
much sugar can also produce unsatisfactory bread, giving a 
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strongly coloured loaf which is possibly irregular In texture and 
which may be “gummy", A flour with high maltose figure should 
have its sugars well fermented out by the use of plenty of yeast* 

Flour contains enzymes in very variable quantities depending 
on the country of origin, variety of seed, nature of season, presence 
of insect contamination, etc* The principal flour enzymes which 
affect bread-making processes include diastase (a mixture of 
dcphosphorylating enzyme and a - and 0-amylases) which pro¬ 
duces sufficient sugar to yield the correct amount of gas by yeast 
fermentation just prior to the loaf entering the baking oven, and 
proteolytic enzymes which assist in the ripening of the flour gluten* 
The enzyme phytase produces inositol and salts of phosphoric 
acid from flour phytin. 

Panary fermentation 

When yeast, together with water, is added to flour the process 
of panary fermentation is commenced. The temperature at which 
the dough is kept during the panary fermentation has a con¬ 
siderable influence on the quality of the finished bread. Normally, 
temperatures exceeding 82°F. are only used in short fermentation 
processes up to about 2 hr. The longer the fermentation 
process the lower the temperature should be. For example, a 
temperature of about 80° F. should be used normally for fermen¬ 
tation periods of between 2 and 4 hr. and for periods in 
excess of 4 hr* dough temperatures of 75-78° F. are usually 
most successful, resulting in bread possessing good flavouring and 
satisfactory keeping properties. It has frequently been stated that 
the secret of good bread-making, particularly in the production of 
good, full flavour, depends upon the use of adequate amounts both 
of salt and of yeast. Speaking in broad terms the longer the fer¬ 
mentation process, the less yeast but the more salt should be used. 

In panary fermentation the general consensus of opinion 
appears to be that two distinct series of enzymic changes take place 
concurrently. The function of the yeast is to ferment the flour 
sugars already existing together with the maltose produced by the 
action of the diastase of the flour on the starch. The carbon 

* In addition to the reducing sugars present in flour as shown by the "maltose 
figure" test there is an additional I per cent or so of non-reducing sugar probably 
present as fruclosan, If the "maltose figure'' test were extended to give, say, 

6 hours' incubation the reducing sugars (as maltose) may increase to as much as 
S per cent. 
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dioxide produced "aerates 11 and distends the gluten structure and 
produces the skeleton of the loaf, Much of the gas is held in the 
gluten framework if a Hour of the correct properties is used. The 
derating” function of the yeast is, undoubtedly, its chief task in 
panary fermentation; very few cereal chemists would now claim 
that the proteolytic enzymes of the yeast exercise any proteolytic 
action on the dough proteins in a fermentation of normal length— 
such enzymes have been conclusively shown to be contained 
entirely inside the cells. Thus, A. G. Olsen and C H, Bailey(2) 
have shown that fresh undamaged yeast cells have negligible effect 
on gluten properties over a normal fermentation period. It is 
possible, however, that old stale yeast containing broken-down, 
dead cells may contribute proteolytic activity to a dough and this 
may be a significant factor in the poor behaviour of old yeast in 
dough. 

While the yeast is fermenting the dour sugars, however, modi¬ 
fications are taking place in the structure of the gluten. It is now 
generally agreed that the protcinases of the papain type which 
have been shown to exist in dour(3, 4) exert a mild proteolytic 
action on the gluten proteins. Thus, L. W. Bamuels(S) "has 
demonstrated that amino nitrogen is produced in doughs containing 
no yeast. If yeast is present such amino acids, together with any 
amino acids originally present in the dough, are assimilated. 
Several workers have shown that very small changes in the chemical 
nature of the dough proteins may produce very large alterations in 
the physical nature of the gluten. Such is the confusion existing, 
however, in the state of knowledge of dough ripening that it is not 
agreed that this proteolytic action is the prime factor in ripening. 
Ihere arc many vague literature references to the influence of 
yeast, temperature, mechanical handling, and other factors on 
the properties and ripening of dough with no careful work having 
been done to prove conclusively whether ripening is significantly 
influenced by any of these factors rather than proteolytic action. 
D. W. Kent'Joncs and A, J. Amos(6) state that it is their opinion 
that proteolytic changes do have a significant role in ripening 
action. The proteolytic enzymes present in flour have been shown 
by several workers to be stimulated in their action by certain 
natural reducing substances present in flour, such as cysteine and 
glutathione. Certain workers believe that the action of traces of 
oxidising agents (bromates, etc.) added as "flour improvers” 
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depends on the oxidation of the natural reducing substances with 
the consequent slowing down of the proteolytic enzyme action due 
to this removal of the stimulation which would be present in the 
absence of oxidation. A, 3. Schultz, L. Atkin, and C. N. Frey(7) 
have show n that the rate at which maltose is fermented in dough is 
sometimes limited by the absence of amino nitrogen, dextrose, 
sucrose, or aneurin. 

With respect to the action of the diastatic enzymes in the 
dough, the amount of sugar production is limited by the amount 
of starch available” for enzyme action. Grinding and other 
forms of mechanical treatment increase the available starch. L, A, 
Rumsey(8) showed that the rate of sugar production by the dia¬ 
static enzymes was maximal at pH 47, maximum formation of 
maltose taking place at 65°C. (149°F,). 

The alcoholic fermentation of sugars by yeast is encompassed 
by the complex group of enzymes collectively termed "zymase”. 

1 he only sugars that yeast can normally ferment directly are the 
hexose sugars, glucose, fructose, and mannose. Before the common 
disaccharides maltose and sucrose can be fermented by yeast they 
are hydrolysed by the catalytic action of the yeast enzymes maltase 
and invertase respectively into a-glucose and invert sugar (a 
mixture of glucose and fructose). The rate of reaction of the yeast 
upon the dough sugars is, therefore, somewhat complicated and 
depends upon the amounts of all these enzymes to be found in the 
yeast. By experience, it has generally been found that a grain 
yeast (a yeast which has been produced using cereal grains at one 
part or other of its manufacture) is the most satisfactory yeast from 
the point of view of reaction speed as such a yeast is much richer 
in maltase than a yeast prepared exclusively from molasses. 

Yeast does not ferment all sugars in dough at the same time or 
at the same rate, but shows a distinct preference for the hexoses, 
as demonstrated by the work of Pelshenke and Kocber(9), who 
determined sugar levels in doughs at various stages of fermenta¬ 
tion, Yeast was shown to bring about a rapid initial decrease of 
glucose and sucrose but the maltose content was shown to rise 
during the early period of fermentation. Maltose fermentation 
did not occur until the later stages of fermentation. 

The carbon dioxide produced in the early stages of fermentation 
normally has a considerable action in reducing the pH of the dough 
from around 6-0 down to 5-5-57, Acidity (as lactic acid) is often 
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produced in variable amounts by lactic acid bacteria natural to the 
flour. Such acid production is particularly noticeable in long 
fermentation processes which are often practised in Scotland, 
Acid production is stated to have a marked effect on the ripening 
of the flour gluten and is also important in the production of 
bread flavour* The alcohol produced during dough fermentation 
is largely lost in the baking process but the amount residual 
m a freshly-baked loaf (up to 0-5 per cent) adds greatly to the 
flavour. Other substances such as traces of glycerol, succinic 
acid, lL fusel oil” (higher alcohols derived from amino acids) 
and other substances produced in the fermentation probably 
add to the flavour of the bread. There seems to be no doubt, how¬ 
ever, that the characteristic flavour of yeast when baked in a loaf, 
together with sufficient salt, is one of the chief factors producing 
a well-flavoured loaf. 

I here has been considerable discussion in the literature con¬ 
cerning the growth of yeast cells in dough. Hoffman and his 
fellow workers(10} found that in a standard dough containing 
1-67 per cent of yeast (of flour weight) fermented at 80°P. there 
was practically no increase in the number of yeast cells during 
the first two hours, the greatest increase amounting to 26 per cent 
taking place between the second and fourth hour. The rate of 
increase dropped to about 9 per cent between the fourth and 
sixth hours of fermentation. Similar results have been obtained 
by a research team working under the direction of C. S. Jewell 
at the Cambridge Iiakery School, 

1 he function of the salt added to the loaf is to produce 
flavour and to help in the production of satisfactory bloom, It has 
an astringent action upon the dough (the dough is tightened up 
and prevented from becoming too soft and sticky). The salt 
prevents the yeast trom working too quickly in long fermentation 
doughs and prevents the action of harmful bacteria to some 
degree* Salt also helps the loaf to keep moist* 
hor a comprehensive survey of cereal enzyme chemistry, 
panary fermentation, etc*, readers are referred to the publication 
the American Association of Cereal Chemists(ll). 

Methods of bread production 

ibe sponge method survived the introduction of compressed 
yeast but has largely been superseded by the straight dough 
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process, although during the immediate post-war period there has 
been some revival of "sponge” methods, often in modified forms. 
A sponge may vary from a soft dough to a thick batter and is 
classified: (a) according to the proportion of water used, that is, 
“quarter”, "half”, or "three-quarter” sponge; and (4) according to 
the length of time it is allowed to lie—"long”, "medium”, or 
"flying sponge”, taking from 12 hr. to 1 hr. before being made 
into the dough. The older sponge methods were very long pro~ 
cesses but first-class bread can now be produced with quite short 
process. 

Sponges are typified as follows: 

Sponge 

Water 13 gals. 

Yeast 2 lb. 

Malt extract 1 lb. 

Flour 100 lb. 

This is made at an initial temperature of 78° F. and should drop in 
2 hr. It is then made into a dough with: 

Flour ISO lb. 

Salt 4 lb. 

Water 1-2 gals. 

The dough requires 1 hr’s. bulk fermentation before scaling. 

In a sponge the yeast finds itself in an ideal medium for rapid 
action and the fermentation process is speeded up, resulting in 
better flavour, bloom, moistness, and volume. 

In the straight dough bread-making process all the ingredients 
are mixed at one time and apart from a "knock-back” when the 
dough is punched or remixed to remove surplus carbon dioxide, 
the dough requires little attention until it is ready for scaling or 
dividing (t.£. weighing off into the tins, prior to the final rise to the 
desired volume just before putting into the baking oven). Short 
fermentation processes of 2-6 hr. are almost always used today, 
variable factors in this process including the quantity of yeast used 
and the amounts of salt and water. The initial dough temperature 
is varied according to the desired fermentation time and to the 
properties of the flour in use. A typical straight dough recipe is as 
follows: 
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Flour 

2S U lb. 

Water (variable) 

15 gals 

Balt 

41 lb. 

Yeast 

3'lb. 

Malt flour (optional) 

1 lb. 


The dough temperature should be 76" F, rising to 78*F. t and the 
bulk fermentation time is 3 hr. 

A strong healthy last yeast is more important in the short 
process straight dough than in any other bread-making process. 

Miscellaneous types of yeast-aerated baked goods 

The baking industry uses yeast as the aerating agent for a wide 
variety of fancy breads, fermented buns and various items of 
confectionery, many of continental origin. Certain of the richer 
types of fermented goods contain fats, sugars, eggs, and in some 
cases spice oils, all of which help to make a difficult medium in 
which the yeast must work—consequently a relatively larger 
proportion of yeast has to be used which must be fresh and of 
good quality. Very often the main dough for goods of this type is 
preceeded by a thin batter containing all the liquid constituents, a 
little flour and a small quantity of sugar, together with the yeast. 
Ihis "ferment” rises very rapidly, drops in about 30 min., and 
gives the yeast a Hying start before it is introduced to the main 
dough. The following recipe illustrates this type of process: 


Ferment 

Water 

Yeast 

Flour 

Salt 

Sugar 

Dough 

Flour 

Shortening 

Sugar 

Milk powder 
Egg colour 
Essence of bun 


1 pint—at IKYF. 
1 A 02. 

6 oa + 

1 oz- 

5 

2 lb. 

6 02 . 

6 oz. 

I oz. 

spice. 
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The varieties of fancy breads such as Vienna, milk, and brown 
bread as well as the smaller types of fermented goods which can be 
produced with yeast are unlimited and have the advantage of 
moistness and flavour which can only be produced by yeast 
aeration. 

Recent technical developments 

A recent innovation in British baking techniques is the use of 
‘‘refrigerated 1 ’ doughs for yeast-raised goods. By placing doughs 
in cold storage the yeast action is suspended and the time factor 
for the whole process may be adjusted by this means to fit in with 
production requirements. The technique has been used for some 
time in the U.S.A. with some success. 

The use of thiamin™ enriched yeast to increase the vitamin B 
content of bread has been used in America. 

“Dry-salting 3 ’ methods, that is, the addition of the salt some 
time after the unsalted dough has been allowed to stand, are stated 
by some bakers to improve dough colour and other properties but 
other bakers maintain that there is nothing gained by such 
procedures. The rate of gas production by yeasts is often severely 
reduced by the dry-salting procedure. 

Properties of good baking yeast 

A good baking yeast should have the following properties: 

(1) It must be capable of producing active and regular fermen¬ 
tation in a dough so that consistent results can be achieved, both 
with regard to timing of the various bakery operations and with 
respect to the quality of the final products. 

(2) The appearance of the yeast must be satisfactoiy. Most 
bakers prefer a light-coloured yeast. It cannot be too strongly 
emphasised, however, that a yeast which is darker in colour than 
normal is not necessarily of poorer quality'—it may ferment as 
actively as a yeast of lighter colour and keep quite as well. W hen 
it is considered how little yeast is normally used in bread-making 
(usually up to 2 per cent) it will be obvious that the small amount 
of colour will not affect the colour of the final product. 

(3) It should have a fresh, pleasant odour, and be quite free 
from mouldy (musty) and putrefactive smells. Estery (fruit-like) 
odours, whilst not objectionable in themselves, often denote 
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contamination by infecting organisms, and yeast having such 
characteristics may be of poor performance and should be 
avoided. 

(4) The flavour of yeast is a good indication of its quality and 
freshness* A good yeast should have a characteristic mild flavour, 
very slightly acid and quite tree from staleness or p ut refact i\ e 
flavours, 

(5) Yeast should be substantially free from contamination by 
other micro-organisms, A yeast which is heavily contaminated 
whether with wild veasts, bacteria, or moulds will, inevitably, be ol 
poorer quality than a yeast free from these organisms. In this 
respect it should be remembered that it is impossible to produce 
a commercial sample of yeast which is entirely tree Irom infecting 
micro-organisms. One gram of yeast (l/28th of 1 oz*) contains 
something like 5000-10,000 millions of yeast cells (this figure 
is liable to variations) and commercial yeasts often contain 
upwards of 1 million foreign micro-organisms* The incidence 
of infection in some yeasts is so high that the fermentative and 
keeping properties of the yeast are seriously affected. Mould 
layers soon grow upon yeast, particularly upon samples packed 
in waxed paper. When the layers have been scraped off, the 
yeast below is often quite satisfactory'. 

(6) A good yeast should disperse (“break down”) quickly and 
easily when mixed with water, Poor yeasts, often highly-infected, 
and with poor dough-fermentation properties, disperse with 
difficulty in water and often have a greasy appearance, leaving 
behind many small undissolved lumps, even after a long and 
vigorous mixing* 

Yeast handling and storage 

Yeast consists of a mass of delicate, small living cells and this 
point must always be appreciated when yeast is being handled. It 
is useful to bear in mind the following points in dealing with 
yeast in the bakery. 

(1) Yeast should be obtained fresh—the fresher the yeast the 
more satisfactorily it will do its work, for slowly, but inevitably, 
yeast loses its dough-fermenting activity as it ages, 

(2) Yeast should be examined upon arrival at the bakery. If it 
is fresh and satisfactory it should be used up in the shortest time 
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possible and not left hanging about the bakery* Deliveries should 
be used in rotation, so that the oldest are used first. 

(3) Too much yeast should not be ordered at any one time* It 
should be ordered and delivered regularly in small quantities, so 
that it is always fresh when used. 

{4} If it is necessary to carry over a stock of yeast, it should be 
stored in the best conditions available in the bakery'. It should not 
be subjected to extremes of heat and cold, even for the shortest 
period of time, but should be stored at a cool, even temperature, 
if possible in a cold room at 40-50°F. (4-10°C.}, If no cold room 
is available the yeast should be placed on slatted or wire mesh 
shelves in the coolest available position on the premises. It is 
important that the locality chosen should be reasonably dry and 
free from water and steam. There should be good ventilation 
between bags and packets of yeast in order to reduce mould 
growth to a minimum. 

(5) Yeast may, if the necessity arises, be stored in a refrigerator 
in a frozen condition when it will keep for some months reasonably 
satisfactorily. Upon being withdrawn for use it should be thawed 
out slowly to prevent the rupture of the cells and should never be 


replaced in the refrigerator. 

(6) Under no circumstances should yeast be stored in a warm 
atmosphere. Heat encourages micro-organisms harmful to yeast 
to grow at a tremendous rate and these organisms may soon 
produce putrefactive changes in the yeast indicated by unpleasant 
smells. The yeast will become progressively poorer in dough- 
fermenting efficiency. Heat also encourages "autolysis” or self- 
breakdown of yeast cells. 

(7) When "breaking down” yeast in water prior to dough mak¬ 
ing it should be remembered that temperatures above about 35 C. 
(95° F.) should not be employed as these temperatures prevent 
yeast from working at its best. Very high temperatures soon 
completely kill the yeast cells which, for example, are killed by 

heating for 1-2 min. at 60°C. (140“ F.). 

(8) Above all, the yeast should not be blamed for a poor per¬ 
formance, unless the flour has been thoroughly tested and found 
perfect. Many baking troubles can arise from the use of poor 
flours. 

(9) Yeast is not killed by low temperatures but cannot function 
properly; increasing temperature causes yeast to work faster, until 
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eventually its action is stopped at about 113 F. (45°C.)« The best 
temperatures for yeast usage in bread-making, taking all factors 
into consideration lie between 25 r 5 C\ (78'F.) and 28 C. (83° F.), 
and in addition to making the dough at the correct temperature, 
according to the process being used, it is essential to note that the 
temperature of the water in which the yeast is broken down is not 
excessively hot. A further point of interest is that it is inadvisable 
to bring yeast into contact with concentrations of salt or other 
improvers during the dough-making operations, as in concentrated 
form these may be harmful to the delicate yeast cells. It is 
particularly important during cold weather to ensure that all 
materials, utensils, and the bakery premises are reasonably warm 
if good steady fermentation is to be obtained; chilling of the dough 
will slow down the action of yeast. Above all, the yeast should 
not be blamed for poor results until all the possibilities have been 
thoroughly examined. 
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CHAPTER XXVII 


BREWERS 1 YEASTS 

By C RAINBOW, B.Sc., Ph.D., A.R.I.G 
Lecturer, Dept . of Applied Biochemistry, University of Birmingham 

I Ike bakers’ yeasts, brewers' yeasts are regarded by many 
-/workers as strains of Saccharomyces cerevime , although one 
prominent school of thought does not accept this statement with¬ 
out some modification. Nevertheless, the differences between the 
strains are sufficient to determine that bakers 1 yeasts cannot be 
used for brewing nor brewers’ yeasts for baking. These differences, 
determining the suitability of a strain for one or other process, 
must be a reflection of the enzy matic make-up of the particular 
yeast, which, in turn, is modified by the nature of the nutritional 
environment in which the yeast has been propagated- Herein may 
reside the observable differences in behaviour between brewers' 
and bakers’ yeasts, even though, innumerable generations ago, 
both types may have arisen from a common progenitor: for, unlike 
bakers’ yeasts, which are cultivated in molasses mashes under 
strongly aerobic conditions, brewers’ yeasts are propagated under 
relatively anaerobic conditions in hopped malt wort—conditions 
which favour the elaboration, within the cell, of a well-developed 
system of the enzymes of alcoholic fermentation. Whereas 
brewers’ yeasts possess a well developed glycolytic system, leading 
to the production of ethanol, in bakers’ yeasts the corresponding 
predominant system is one bringing about complete oxidation of 
glucose to carbon dioxide and water. Such considerations do not 
necessarily imply genetical differences between brewers’ and 
bakers’ yeasts, although these also may be involved. The differ¬ 
ences may be quantitative with respect to enzymatic equipment 
rather than qualitative, and the possibility exists that bakers yeasts 
may be converted into yeasts with properties more closely resemb¬ 
ling those of brewers’ yeast by repeated propagation under 
conditions favouring the development of the enzymes of alcoholic 
fermentation, that is, in the physical and chemical environment 
encountered in the brewery. By the same token, the conversion 
of brewers’ yeasts to bakers’ yeast is also a possibility. 
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Top and bottom yeasts 

On the basis of their behaviour during fermentation, brewers 
yeasts can be divided into top and bottom fermentation types. The 
existence of these types gives rise, in fact, to two distinct tech¬ 
niques of brewing: namely* (d) the bottom fermentation, or lager 
process; and (b) the top fermentation, or ale, process. 

In the former, which predominates on the European continent 
and in America, the bulk of the yeast settles to the bottom of the 
vessel during fermentation, a little remaining in suspension in the 
fermenting liquid. On the other hand, in Britain and, to some 
extent, in Belgium, beers are brewed by the top fermentation 
process, in which, although some always sinks to the bottom, most 
of the yeast is carried to the surface of the fermenting liquid, 
where it collects as a "yeasty head" and where it will remain unless 
it is disturbed by "rousing" or bv other mechanical agitation. The 
distinction between the top and bottom brewing processes has 
led, in America, to the adoption of the term "beer" for the product 
of the bottom process and the term "ale" for the product of the 
top process. 

The differences in flavour and character between top and 
bottom fermentation beers may be ascribed both to technological 
differences in the respective brewing procedures {which result in 
different physical and biochemical environments with which the 
respective yeasts have to react) and to biochemical differences 
between the yeasts. In addition, the biochemical activities of 
yeast and bacterial contaminants may contribute materially to the 
characteristics of top fermentation beers. Bottom fermentation 
beers, on the other hand, arc brewed from pitching yeasts grown 
up as pure cultures from a single celL 

Criteria of absolute distinction between top and bottom yeasts 
probably do not exist, differences being relative rather than 
absolute. In fact, bottom yeast can be converted into top yeast 
and always contains a number of top yeast cells, so that it is 
generally believed that top yeast was the parent type of all 
culture yeasts, bottom yeasts having been developed from them, 
possibly as a result of genetical segregation. Stelling-Dekker(l), 
indeed, classifies bottom brewers’ yeasts as specifically distinct 
{5. catlsbergettsts) from top brcw r crs 5 yeasts ( S * cerevisiae). The 
following points serve, in general, to distinguish the two 
types. 
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(d) Bottom yeasts favour lower temperatures than do top 
yeasts: thus, the respective optima are about 25°C. and 27-30° C., 
while bottom fermentation brews are pitched at 6-8°C* in con¬ 
trast to ale brews which are pitched at 14-15°C The effect of 
temperature on the enzymatic activities of top and bottom yeasts 
is illustrated by the fact that the fermentative power of bottom 
yeasts is greater than that of top yeasts at 6-8° C., although at 
30°C. the fermentative powers are equal. On the other hand, at 
35 °C. the fermentative power of top yeast is greater than that 
of bottom yeast, 

(i h ) In general, top yeasts do not ferment the disaccharide 
melibiose and only one-third of the molecule of the trisaccharide 
raffinose, which consists of fructose linked to glucose through the 
sucrose linkage and galactose linked to glucose through the 
melibiose linkage: 

SUCROSE 

f -—^ i 

FRUCTOSE—GLU COS E— G AL ACTOSE RoffittQSe. 

1 --V-^ 

MELIBIOSE 

Bottom yeasts elaborate both melibiase and invertase and thus 
break down melibiose and raffinose to their component hexoses, 
which are fermentable. Top yeasts, by contrast, elaborate inver- 
tase, but not melibiase, Thus, they are unable to attack melibiose, 
but attack the fructose liberated from the raffinose molecule by 
invertase (Bau’s test). 

(t) The simplest test of distinction consists in the direct obser¬ 
vation of behaviour in an experimental fermentation (VVasset- 
manns test). The yeast is inoculated into malt w f ort contained in 
a tall tube ( e.g * a 250 ml. measuring cylinder) and incubated at 
25°C. until fermentation sets in vigorously, when the fermentation 
is set aside at laboratory temperature. Under these conditions, 
top yeasts come largely to the surface ol the liquid to form a yeasty 
head, which later subsides, leaving a cap of yeast. Bottom yeasts 
on the contrary settle largely at the bottom and fail to form a 
yeasty head or cap. 

(d) Under the microscope, the cells of top yeasts, whilst active 
proliferation is going on, show a marked tendency to form short, 
ramified chains, w r hich are due to the failure oi successive buds 

* In America higher pitching temperatures (7 S-10 C.) are emplmed, 
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to separate immediately from the parent cells. The cells of bottom 
yeasts, however, appear, in the main, as discrete entities (I ig. 66). 

(e) Fop yeasts form spores more readily and more copiously 
than bottom yeasts. 

(/) In general, top yeasts have less power of agglutination than 
bottom yeasts below). 

The mechanism by which top yeasts arc carried to, and main¬ 
tained at, the surface of fermenting liquids is not understood. 
It is not a question of cell densities, since there is little difference 
in density between the cells of top and bottom yeasts. Physical 
forces, however, play a major part. Attention has been already 
drawn to the tendency for top yeasts to form cell aggregates to a 
greater extent than bottom yeasts. It may be that, by offering an 
increased surface area, these aggregates tend to enhance the el feet 
of any upward thrust and are carried substantially to the top of the 
liquid by the bubbles of carbon dioxide released during fermenta¬ 
tion. t he effect may be enhanced still further by the interlocking 
of the bubbles with the cell aggregates to form buoyant complexes 
of cells and bubbles. However, that this is the whole store is 
unlikely: it may be, in addition, that top yeast cells behave as 
surface active colloids, which reduce the free surface energy and 
therefore tend to accumulate at the surface. In this connection, 
Bishop(2) has made some interesting observations concerning the 
structure of yeasty heads. 

Other less generally accepted theories to explain the behaviour 
of top yeasts have been advanced. Thus, it has been suggested 
that the mechanism by which (XT sweeps yeasts to the surface is 
one involving electrical attraction. This is unlikely, since bubbles 
of CO, and yeast cells are generally both negatively charged. 

Bakers*, distillers', and wine yeasts are top yeasts. Thus 
the species S . certvisiae comprises many different varieties, 
races, and strains, the characteristics of which determine their 
selection for a particular purpose; strains capable of giving 
high yields of alcohol will be selected for distilling or the manu¬ 
facture of industrial alcohol. For brewing, important characteris¬ 
tics which determine choice are those of the flavour imparted to 
the fermented liquid (which depends largely on biochemical 
properties of the yeast) and ease of clearing (flocculating power) 
when fermentation is finished, 

24 
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Flocculating and powdery yeasts 

The flocculation power of a yeast is the capacity of its cells to 
agglomerate (“agglutinate”) into small, macroscopic lumps, which 
fall readily out of suspension, towards the end of fermentation. 
Flocculating yeasts (“Bruchhefen”) possess this power to a high 
degree; beers fermented with such yeasts readily drop bright 
owing to agglutination, and deposit a cohesive sediment of yeast. 
The advantages of flocculating yeasts in yielding bright beers are, 
however, offset by another factor. As a result of the readiness with 
which flocculating yeasts fall out of suspension, the cells of such 
yeasts are effectively removed from their sphere of action at an 
earlier stage than are the cells of more powdery yeasts. The fer¬ 
mentation produced by flocculating yeasts is thus relatively feeble 
and the resulting beers are prone to microbiological spoilage. 

Powdery yeasts (“Staubhefen”) on the other hand, possess little 
power of agglutination. They remain longer in suspension in the 
fermenting beer, giving poor clarification of the beer and a sedi¬ 
ment which is loose and easily disturbed by mechanical movement. 
However, they yield beers which are well attenuated and con¬ 
sequently more biologically stable than the beers prepared from 
flocculating yeasts. 

Flocculating and powdery strains of both top and bottom yeasts 
are found; but, most frequently, top yeasts are of the powdery 
type and bottom yeasts the flocculating type. There is no absolute 
distinction between flocculating and powdery yeasts, and types 
intermediate in properties between highly flocculating at one 
extreme, and powdery at the other, may be recognised. Accord¬ 
ing to Rohrer(3), one type may be converted into the other by 
transferring a yeast from one brewery to another. This observation 
suggests that environmental conditions play a part in determining 
the flocculating powers of yeasts. It has been suggested that 
flocculation (“break”) is caused by electrostatic changes, the nega¬ 
tive charge on the yeast cell being discharged by positively- 
charged protein particles in the fermenting liquid. Clumping of 
the cells then occurs when the mutually-repellant charges on the 
yeast cells have been removed. In this connection, attention has 
been drawn to the fact that yeast “break” occurs at pH 4-5-4*7, 
which is also the isoelectric point of yeast proteins. 

Flocculation may depend upon mucous substances of protein 
nature, secreted by the cell w r all (and to which wort constituents 
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also contribute) which cause the yeast cells to stick together* The 
theory of the existence of such proteins responsible for yeast 
‘break 1 ’ receives some support by the fact that, by treatment with 
proteolytic enzymes, yeast floccula may be broken up. Alcohol 
formation, which has also been associated with yeast break \ may 
contribute to such a system by causing precipitation of the mucous 
proteins when a critical concentration of alcohol has been lormcd. 

Reviewing the subject, Rohrcr(J) discounts the electrical 
theory of flocculation and emphasises the importance of the 
biochemical environment, lie points out that, in flocculated cells, 
the cell membrane is more opaque ( "resinihed”), the celts are 
devoid of catalase activity and possess a changed permeability, 
since the flocculated cells do not plasmolyse in the usual way 
under the action of salt and heat. Rohrer shows that flocculation 
of yeast and resinification of the cell membrane can take place as a 
result of the presence of 0 2 per cent furfural in the growth medium, 
ft is possible that other substances, produced in normal fermenta¬ 
tions, may also possess the properties demonstrated for furfural 
and thus be important factors in yeast "break 11 . Such substances, 
indeed, may function through interaction with the protein-like 
substances secreted by the cell walk 

Yet another theory of yeast flocculation has been put forward 
by de Hemptinne(4), who associates it with a shortage of ferment¬ 
able sugars, but not of assimilable nitrogen, m the growth medium. 

Nutrition 

Like that of other micro-organisms, the nutrition of brewers' 
yeasts may be discussed under headings covering five essentials: 

(1) mineral salts; (2) sources of carbon; (3) energy requirements; 
(4) sources of nitrogen; (5) growth factors. 

Mineral salts are required for the maintenance of membrane 
equilibria, for the regulation of osmotic pressure, as essential 
constituents of certain enzyme systems, and as raw materials for 
the synthesis of essential protoplasmic constituents. The major 
essential mineral nutrients for yeasts consist of sulphates, phos¬ 
phates, magnesium, and potassium, but minute concentrations of 
other ions, such as iron, manganese, and possibly others are also 
necessary. Calcium ions, if not essential, appear to assist in 
maintaining the vigour of the yeast. Magnesium is an essential 
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constituent of nuclear substance and its ions are essential for the 
activity of certain enzymes, such as enolase, which catalyses the 


reaction: 


CH 2 OH 

CH. 

[i 8 

J 

CHO. PO,H,~-* 

11 

C*0 PQ a H 2 4- H a O 

1 

COOH 

COOH 

2-phosphoglyceric add. 

phospho-znol-pyruvk add. 


Potassium ions are known to be essential to the activity of the 
phosp ho kinase by which phospho^o/-pyruvic acid is synthesised 
from pyruvic acid and adenosine triphosphate (ATP): 

CH* 

II 

* C * 0P0 3 H 2 -f ADP 

I 

CQQH 

phospho-enol-pyruvic add. 

Phosphates arc essential for the synthesis of nuclear substance and 
for the energy-giving processes taking place in the cell. The latter 
will be dealt with below. Sulphates are necessary as a source of 
the sulphur required for the synthesis of the essential amino acids 
cysteine, cystine, and methionine* 

In defined nutrient media for yeast growth, these essential 
minerals may be supplied as magnesium sulphate and potassium 
dihydrogen phosphate. Trace mineral requirements in such media 
may be added in minute amounts by means of such a solution as is 
described by Emery, McLeod, and Robinson(S). Under cultiva¬ 
tion in the brewery, yeast derives its mineral nutrients ultimately 
from two major sources, malt and brewing water, both of which 
contribute mineral salts to the wort on which the yeast is propa¬ 
gated* This emphasises the importance to the brewer of the brew¬ 
ing water he employs. 

Sources of carbon, Brewers’ yeasts can utilise a number of 
relatively simple organic compounds as sources of the element 
carbon, w r hich forms the framework of all organic substance. I be 
most important carbon source is glucose, but other hexose sugars 
(fructose, mannose, and frequently galactose) are also utilisable, 
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Because the yeast cell elaborates the enzymes maltase and invertase, 
the disaccharides maltose and sucrose are also good carbon 
sources, but mdibiose and lactose are normally not available to the 
cell of brewers 1 yeast. Other carbon compounds reported as 
assimilable by yeast include glycerol, lactate, acetate, other 
organic acids, and, under certain circumstances, ethyl alcohol. 
Brewers' yeasts do not elaborate extracellular enzymes which 
attack the higher polysaccharides, so that starch, inulin, dextrins, 
and the higher oligosaccharides, as such, are not available as carbon 
sources. In addition to the substances already mentioned, some 
carbon is taken in by yeast as intact amino acids, which must 
therefore also he considered ns carbon sources. 

In its usual habitat in malt wort, brewers' yeast obtains its 
carbon chiefly from the fermentable sugars, maltose and glucose. 
'The process of fermentation must provide not only energy for the 
growing yeast cell (.w below), but also intermediate products of 
glycolysis which provide carbonaceous skeletons from which nitro¬ 
genous and other cell constituents may be synthesised. Pyruvic 
acid may be such an intermediate and its conversion to aspartic 
acid by fixation of CO* and subsequent ami nation may take place 
as follows: 

ox al acetic 
decarboxylase 

CH a .CO,COOH+CO,, HQQC* CQ, CHXGGil 

pyruvic add , oxalacetic add. 

HOOC, CO , CHu. COOH fNH.4-2H ~ 

oxaUetk add HOOC . CH(NH a ). CH, , COOIL + H t O 

aspartic add. 

Energy requirements. For the synthesis of celt substance, 
considerable quantities of energy are required. The nutrients 
which yeast ingests must supply not only the raw materials for 
cell synthesis, but also a source of energy made available within 
the cell for biosynthetic purposes* As well as providing the 
chief source of carbon for yeast, fermentable carbohydrates 
also provide energy as a result of their fermentative break¬ 
down within the cell. Thus the processes of assimilation (cell syn¬ 
thesis) and dissimilation (fermentation) are inextricably linked, 
since fermentation provides for the cell both energy and 
carbon skeletons from which cell matter may be built up, fn 
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constituent of nuclear substance and its ions are essential for the 
activity of certain enzymes, such as enolase, which catalyses the 


reaction: 


CH.OH 
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Potassium ions arc known 

to be essential to the activity of the 

phosphokinasc by which phospho-^o/-pyruvic acid is synthesised 

from pyruvic acid and adenosine triphosphate (ATP): 
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Phosphates arc essential for the synthesis of nuclear substance and 
for the energy-giving processes taking place in the cell. The latter 
will be dealt with below. Sulphates are necessary as a source of 
the sulphur required for the synthesis of the essential amino acids 
cysteine, cystine, and methionine. 

In defined nutrient media for yeast growth, these essential 
minerals may be supplied as magnesium sulphate and potassium 
dihydrogen phosphate. Trace mineral requirements in such media 
may be added in minute amounts by means of such a solution as is 
described by Emery, McLeod, and Robinson(5). Under cultiva¬ 
tion in the brewer}', yeast derives its mineral nutrients ultimately 
from two major sources, malt and brewing water, both of which 
contribute mineral salts to the wort on which the yeast is propa¬ 
gated. This emphasises the importance to the brewer of the brew¬ 
ing water he employs. 

Sources of carbon. Brew ers' yeasts can utilise a number of 
relatively simple organic compounds as sources of the element 
carbon, which forms the framework of all organic substance. '1 he 
most important carbon source is glucose, but other hexose sugars 
(fructose, mannose, and frequently galactose) are also utilisabk, 
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Because the yeast cell elaborates the enzymes maltose and invertasc, 
the disaccharides maltose and sucrose are also good carbon 
sources, but melibiose and lactose are normally not available to the 
cell of brewers’ yeast. Other carbon compounds reported as 
assimilable by yeast include glycerol, lactate, acetate, other 
organic acids, and, under certain circumstances* ethyl alcohol* 
Brewers' yeasts do not elaborate extracellular enzymes which 
attack the higher polysaccharides, so that starch, inulin, dextrins, 
and the higher oligosaccharides, as such, are not available as carbon 
sources. In addition to the substances already mentioned, some 
carbon is taken in by yeast as intact amino acids, which must 
therefore also be considered as carbon sources. 

In its usual habitat in malt wort, brewers 1 yeast obtains its 
carbon chiefly from the fermentable sugars, maltose and glucose. 
The process of fermentation must provide not only energy for the 
growing yeast celt (see below), but also intermediate products of 
glycolysis which provide carbonaceous skeletons from which nitro¬ 
genous and other cell constituents may be synthesised. Pyruvic 
acid may be such an intermediate and its conversion to aspartic 
acid by fixation of CO 2 and subsequent a mi nation may take place 
as follows: 

oxalaeetic 

decarboxylase 

CH 3 *CO,COOH+CO a " ~ HGOC* CO , CHXOOH 

pyruvic acid. oxaiaceiic acid, 

HOOC .CO * CII 2 . COOH+NII 3 +2I I - 

oxakcetic acid 1IOOC t ClI(NH*). CH 2 , COOII -j-ILG 

aspartic acid. 

Energy requirements* Tor the synthesis of cell substance, 
considerable quantities of energy arc required. The nutrients 
which yeast ingests must supply not only the raw materials for 
cell synthesis, but also a source of energy made available within 
the cell for biosynthetic purposes. As well as providing the 
chief source of carbon for yeast, fermentable carbohydrates 
also provide energy as a result of their fermentative break¬ 
down within the cell. Thus the processes of assimilation (cell syn¬ 
thesis) and dissimilation (fermentation) are inextricably linked, 
since fermentation provides for the cell both energy and 
carbon skeletons from which cell matter may be built up. In 
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considering the yeast cell as a biological unit, the processes of 
fermentation and of cell synthesis cannot be considered apart: the 
breakdown of substances accomplished by the former process is 
necessary in order that living matter may be built up by the latter 
process. Pyruvate may be the key substance linking the two 
processes* 

The complete oxidation of the glucose molecule* such as occurs 
under the aerobic conditions employed for the culture of bakers* 
yeasts* may be represented by the overall reaction: 

C 6 H 13 0 6 + (30 2 --> 6CO 3 + 6B<,0 4- 674 Calories* 

Under conditions in which the supply of oxygen is severely 
limited, the breakdown of glucose is accomplished by dehydro¬ 
genation, the overall reactions being represented: 

C,H ia O ( -—► 2COs + 2CH 3 CH 3 OH + 22 Calories, 

Such conditions as the latter occur in the beer brewery* where the 
carbon dioxide, liberated as a result of the initial activity of the 
yeast, is allowed to accumulate and quickly displaces both the air 
dissolved in the wort and that in contact w ith its surface, so that 
conditions of relative anaerobiosis are rapidly attained. From the 
equations, it is apparent that the fermentative breakdown of 
glucose, involving an energy release of 22 Calories per grm* mol. as 
against 674 Calories per grm, mol. obtained from oxidation of 
glucose, is a relatively inefficient process, since the end-products 
include ethanol, which is an incompletely oxidised substance. This 
also means that more carbohydrate must be decomposed to yield a 
given quantity of energy than if that energy were derived by the 
oxidation of glucose: in turn* this is reflected in the fact that the 
amount of cell substance synthesised (Le, the yeast crop) per unit 
weight of carbohydrate utilised is much less during the course of 
the fermentation of beer wort than it is during the process of 
manufacture of yeast. 

The above equation for the fermentation of glucose is, however, 
only an overall reaction, which conceals a complex series of step- 
wise reactions, involving a series of enzymes, co-enzymes and 
intermediate compounds. The modern conception of the steps 
by which glucose is fermented to ethanol is summarised in 
Meyerhofs fermentation cycle (Fig* 67). 
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pynuvic acid cop bon -dioxide d - acetaldehyde ethanol 

ATP = adenosine triphosphate 
ADP = adenosine diphosphate 

Fig. 67.—The fermentation of glucose by yeast. 
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Initially the fermentation of glucose involves the stepwise 
phosphorylation of glucose at low energy level by means of 
adenosine triphosphate (ATP) to fructose-1, 6-diphosphate, which 
undergoes molecular cleavage to two molecules of triose phosphate. 
Phosphorylation of one of the triose phosphates (phosphoglycer- 
aldehvde) at high energy level leads to the formation of 1,3- 
diphosphoglycerate, which is transformed by later stages of the 
fermentation cycle into phospho-tffloZ-pyruvate. The main bio¬ 
logical significance of the cycle is intimately associated with the 
formation of these two molecules, both of which contain a high 
proportion of the energy of the original glucose molecule con¬ 
centrated in a high energy phosphate bond. The enzymatic 
transfer of energy-rich phosphate from these substances to 
adenosine diphosphate in each case results in the resynthesis of 
ATP, which provides the immediate source of energy for the cell- 
The pyruvate derived in this manner from phospho-f/io/-pyruvate 
is further metabolised by decarboxylation to acetaldehyde, which 
is then dehydrogenated to ethanol Ethanol and carbon dioxide 
thus appear as the ultimate products of fermentation by living 
yeast. 

For a more detailed description of the fermentation cycle, 
other books on bacteriological chemistry should be consulted. 
However, before concluding this section, one further question 
should be raised: namely, does the aerobic oxidation of glucose 
by yeast follow the course of the fermentation cycle either 
wholly, in part, or not at all? These points remain unsettled, 
but work involving the use of isotopically labelled acetate 
(CH 3 C u GQH) t whilst not settling whether the oxidation and 
fermentation of glucose follow the same path as far as pyruvate, 
does suggest that, after the acetaldehyde stage, glucose oxidation 
by Toruhpsis utUis and bakers 1 yeast proceed via acetate as inter¬ 
mediate, rather than via ethanol(2S). 

Nitrogen metabolism. In a medium complete in other 
respects, brewers* yeast, like bakers' yeast, can synthesise its 
requirements of protein, enzymes, nucleic acids, and so forth, 
from ammonia. The yeast cell is therefore equipped with a 
formidable array of synthetic enzyme systems, Other substances, 
such as amides, o-amino acids and simple peptides, are also good 
nitrogen sources, but polypeptides and proteins cannot be 
utilised, since their great molecular size prevents their passage into 

344 



BREWERS 1 YEASTS 


the cell and yeast does not secrete exocellular proteolytic enzymes 
which might break down such substances to assimilable fragments. 

Knowledge of the steps by which yeast synthesises its living 
substance is very small A possible initial step from pyruvate has 

already been mentioned under the section on “Sources of Carbon”' 

■/ * 

but almost nothing is known of the subsequent stages of synthesis. 

In brewers 1 malt wort, which contains little ammonia nitrogen, 
(he chief nitrogen nutrients for yeast are the amino acids and 
simple peptides derived from malt. In what manner are these 
compounds assimilated? 

The first light on this subject came as a result of the investiga¬ 
tion of Ehrlich(6) into the origin of the fusel oil fraction of 
fermentation mixtures. Ehrlich's results led him to the con¬ 
clusion that amino acids were hydrolytically deaminated, the 
liberated ammonia being assimilated by the yeast cell 

R.CH(NH) e COOH ■ 1 LG--> R.CH(OH).COOH ■ XIl 3 , 

a-amino add . 

I he deaminated amino acid residue was subsequently decar- 
boxylated to a primary alcohol, which appeared in the fermented 
liquid as a constituent of fusel oil: 

R.CH(OH).COOH-R, CH a OH + CO*. 

fusel oil constituent. 

1 hus, the end-product of L-leucine metabolism in yeast would be 
isoamyl alcohol, that of L-tyrosine, tyrosol, and so forth. 

1 he Ehrlich mechanism of hydrolytic deamination of amino 
acids, followed by decarboxylation, undoubtedly explains the 
origin of the fusel oil of yeast fermentation* At the same time, it 
implies that ammonia is the fundamental source of nitrogen for 
brewers' yeast, a view which was held until recent work by Thorne 
caused a profound modification of this view: 

I home(26) has shown that: 

(«) Amino-acid mixtures are superior to ammonia as nitrogen 
nutrients for brewers’ yeast, the superiority increasing with 
increasing complexity of the amino-acid mixture, 

{h) Some amino acids, for example, lysine and histidine, which 
a rc not deaminated when presented singly to yeast in nutrient 
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media, are, nevertheless, rapidly assimilated from complex amino- 
acid mixtures or from wort, 

(c) More carbohydrate is available for fermentation when 
amino acids are supplied as nutrients than if ammonia is supplied. 
In the latter case, some carbohydrate must be utilised to provide 
a carbon skeleton for amino-acid synthesis. 

These, and other facts, provide strong evidence that amino- 
acids are assimilated intact by brewers 1 yeasts. The Ehrlich 
mechanism is involved only insofar as certain amino acids may be 
wholly, or in part, deficient in the medium; in such cases, the 
deficiencies are made up by synthesis from ammonia which is 
derived from the Ehrlich deamination of amino acids present In the 
medium in quantities exceeding those which are absorbed intact by 
the yeast cell Thorne estimates that the assimilation of intact 
amino acids accounts for some 50 per cent of the total nitrogen in¬ 
take ol brewers 1 yeast, the Ehrlich mechanism accounting for a 
further 40 per cent of the nitrogen intake. The residual intake of 
nitrogen (less than 10 per cent), not accounted for by the above 
mechanisms, Thorne believes to take place by yet another process, 
which was first established by Stickland (7, 8) for the strict 
anaerobe, Clostridium sporogenes. 

The Sticldand reaction involves certain pairs of amino acids, 
one of tlie pair acting as a hydrogen acceptor and the other as a 
hydrogen donator (Table 39). The former becomes reduced and 
the latter oxidised, ammonia being liberated at the same time: 

R X R X 

CHNH, + HjO + CHNHj-► CO + 2NH 3 + CH 4 

COOH COOH COOH COOH 

donator . acceptor. 

As evidence that brewers’ yeast utilises the Stick land reaction 
for nitrogen assimilation, Thorne has found that certain Stickland 
pairs of amino acids give a much enhanced growth, 

It is interesting to note that the Stickland reaction is utilised 
by CL sporogenes as an energy-giving mechanism, whereas, in 
yeast, it is utilised as a source of nitrogen. 

Little information is available on the assimilation of peptides 
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Table 39 

Amino Acids in the StickUmd Reaction 


Hydrogen Donators 

Hydrogen Acceptors 

L-alanine 

glycine 

L-serine 

L-omithine 

L-valine 

L-argimne 

L-leucine 

L-prolirtc 

L-aSpartic acid 

L-hydmxyprotine 

L-glutamic acid 

L~ tryptophan 

L-cvsteinc 


L-phenylalanine 


L-histidine 



by yeast. Damle and Thorne (9) examined eight dipeptides and one 
tripeptide as nitrogen nutrients tor yeast. The peptides proved 
slightly inferior to a mixture of the constituent amino acids and 
the tripeptide was markedly inferior in this respect. They con¬ 
sidered that the peptides were first hydrolysed to the constituent 
amino acids, which were then assimilated by the mechanisms 
already described* However, it is pointed out, the experiments 
were severely restricted by the commercial availability of peptides, 
and it is possible that certain simple peptides, which may be 
incorporated as a preformed block directly into a yeast protein 
molecule, may be assimilated intact* 

In contrast to Thorne's "synthetical" approach to the problem 
of the nitrogen nutrition of brewers' yeast, Barton-WrightflO) 
has adopted an "analytical” approach. By use of the method of 
microbiological assay, he has traced the fate of the individual 
amino acids of malt wort during top and bottom fermentation. 
During top fermentation, the aliphatic amino acids [e„g. methio¬ 
nine, lysine, leucine, isoleucine, aspartic acid) were withdrawn 
first from wort by yeast, followed by phenylalanine, tyrosine, 
tryptophan and histidine. Proline, although the predominant 
amino acid of wort, was scarcely utilised* Methionine behaved in 
an exceptional manner in that it was removed rapidly and com¬ 
pletely during top fermentation* Furthermore, w'hen certain 
"essential" amino acids were determined in the protein of top 
yeasts, with the exception of methionine, the amino acids, phenyl¬ 
alanine, histidine, lysine, leucine, isoleucine, and valine, were 
present in constant amounts, no matter in what form the nitrogen 
was supplied for the nutrition of the yeasts. The concentration of 
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methionine in the yeast protein, on the other hand, increased with 
increase of concentration of the amino acid in the medium. This 
phenomenon may be connected with the fact that methionine, as 
well as being a constituent of proteins, has important functions as 
a growth factor for certain strains of top yeasts, as well as for other 
micro-organisms (see below), 

When bottom fermentations were examined, certain differences 
from top fermentations became apparent, t hus, methionine was 
rapidly, but not completely absorbed from wort; glutamic acid, 
absorbed as in top fermentations up to 120 hr,, thereafter was 
rapidly excreted. Again, tryptophan and histidine were 65 per 
cent absorbed in bottom, but 90 per cent absorbed in top 
fermentations. How far such differences are due to differences in 
the yeast, and how far due to differences in such factors as 
temperature of fermentation, is not known. 

Growth factor (“bios”) requirements. Small seedings of 
most, if not all, brewers’ yeasts fail to grow in defined media con¬ 
taining suitable sources of mineral salts, carbon, and nitrogen 
unless small amounts of growth factors are supplied. The need 
for these substances was first recognised by Wildiers(ll), but 
it was not until 1928 that the first constituent of S£ bios” was isolated 
and identified as mm-inositol (bios I) by Eastcott(12), In 1936, 
Kdgl and Tonnis(13) isolated a second bios fraction (bios IIb) 
which they called biotin. More recently still, Williams and his 
co-workers(14) established the constitution of a third fraction 
(bios IIa), the existence of which they had recognised as early as 
1933(15). The constitution of these factors is given in Chapter 
VII. 

The fractions of bios are now recognised as constituents of the 
vitamin B complex. "The need for exogenous supplies of these 
substances is interpreted to mean that the yeast cell lacks the 
mechanisms whereby they are synthesised and, being essential 
components of certain cell mechanisms, growth of the cell cannot 
take place in their absence. Apart from the factors already 
mentioned, certain strains of yeasts fail to synthesise yet other 
constituents of the vitamin B complex, such as aneurin, pyridoxin, 
nicotinic acid and jb-aminobcnzoic acid. 

Not all yeasts have the same growth factor requirements, which 
vary according to the strain (24). In fact, a biochemical classifica¬ 
tion of yeast strains based on bios requirements has been proposed 
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by Schultz* Atkin, and Frey(16)* However, in the author's 
experience, the following generalisations may be drawn concerning 
brewers* yeasts. 

(a) Biotin is essential for all strains. 

(b) Whilst a very few strains require only biotin, the majority 
require, in addition, pantothenic acid (or //-alanine) in some cases, 
inositol in others, and both pantothenic acid and inositol in still 
others* 

(c) Most brewers* yeasts synthesise their own requirements of 
pyridoxin, ancurin, nicotinic acid, riboflavin and other members 
of the vitamin B complex; but frequently it is found that the three 
first-named factors exert a stimulatory effect upon growth in the 
initial stages. It is believed that such yeasts synthesise their own 
requirements of these factors, but at a slow rate. There is no 
known example of a riboflavin-requiring brewers’ yeast. 

(rf) A relatively few strains of brewers’ yeast require exogenous 
/)-aminobenzoic acid (17). 

(e) The /3-alanine moiety of the molecule will replace the com¬ 
plete molecule oi pantothenic acid for most brewers* yeasts. 

The 1 allure of yeasts to synthesise certain growth factors has 
been applied in devising methods of microbiological assay of such 
factors. 

Ultimately, brewers 1 yeast in the brewery derives its growth 
factors from barley. During the process of malting, the greatly 
increased cellular activity of the barley corn induced on germina¬ 
tion necessarily involves the formation of greatly increased 
amounts of vitamins of the II complex. Such vitamins are as 
necessary to the metabolic activities of the cells of germinating 
barley as they are to growing yeast cells. The vitamins of the 
malted barley are extracted in the brewery during the mashing 
process and appear in solution in malt wort. 

What is the fate of the growth factors present in malt wort 
during fermentation? It might be anticipated that such factors 
which the yeast cannot synthesise will be withdrawn from the 
fermenting wort by the yeast cell. This is so; but, in addition, 
yeasts which arc capable of synthesising aneurin, nicotinic acid, 
and pyridoxin assimilate these factors intact, yielding beers which 
are substantially impoverished (by comparison with malt wort) 
in these substances. Thus Hopkins and Wicner(lH) have shown 
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that aneurin is almost completely abstracted from wort by 
yeast during fermentation. Thus a wort of O.G, 1045, containing 
0-45 microgrm. of aneurin per mb, yielded a beer with less than 
G‘03 microgrm. ml. Commercial beers of O.G. up to 1060 in no 
case contained more aneurin than 0 06 microgrm. mi. Brewers’ 
\easts are rich in aneurin and are better sources of the vitamin 
than bakers’ yeast. 

Nicotinic acid is also withdrawn from w'ort by brewers* yeast 
(19)* In this case, however, the beers still contain some S0-S0 
per cent of the concentration in w r ort, an average beer containing 
8-11 microgrm. of the factor per ml. 

1 he fate of pyridoxin during fermentation has been studied 
by Hopkins and Pennington(20), who found that the pyridoxin 
content of wort of original gravity 1048 was of the order of 
0*8 microgrm. per ml., falling to 0*65-4)* 7 microgrm. per ml. after 
72 hr. of fermentation. 

7L he capacity of brewers’ yeasts to synthesise riboflavin appears 
considerable (18) and top fermentation beers mav be richer in the 
vitamin than the parent worts. The riboflavin content of beers 
ranges from 0*36 to 1*4 microgrm, per mb 

Hopkins, \\ iener, and Rainbow(21) have investigated panto¬ 
thenic acid in top fermentation brewing. The pantothenate 
content of finished beers may be greater, less, or equal to that of the 
original w r orts, depending on the requirement shown by the yeast 
tor the vitamin. I hus, a yeast yielding a beer enriched in panto¬ 
thenate was found to require no exogenous supply of the vitamin. 
Conversely, a yeast which withdrew pantothenate from wort 
required an external source of either pantothenate or of ^-alanine. 
Lastly, a yeast which yielded a beer with a pantothenate concen¬ 
tration approximately equal to that in wort also required an 
exogenous source of the vitamin or ^-alanine. All the commercial 
beers examined by these workers contained substantial concen¬ 
trations of pantothenate, varying between 0*4 and 0*9 microgrm. 
per mb, or 9 and 22 m^grm, per mb per degree of original 
gravity. These figures were obtained by the method of micro¬ 
biological assay using Lactobacillus arabinosus, which responds to 
pantothenate, but not to ^-alanine. 

The depletion of w'ort biotin during fermentation is expected, 
since biotin is essential for almost all, if not all, brewers* yeasts. 
Lynes and Norris(22) find that beers contain about two-thirds 
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of the biotin of wort. A beer of original gravity 1030 con¬ 
tains about 6 mugrm. of D-biotin per ml. For higher gravities 03 
mugrm. per ml. should be added to this figure for each additional 
degree of gravity. It is important to note that the amount of biotin 
required by yeast growing in media (such as wort) containing 
amino acids is less than when grown in defined media containing 
ammonium salts as the sole source of nitrogen. 

Since beers contain appreciable concentrations of the growth 
factors already discussed, it seems unlikely that brewery worts will 
be so deficient in them that they cannot supply the needs of 
brewery yeasts during fermentation. A possible exception is 
aneurin, but, in this case, most yeasts arc capable of synthesising 
their own requirements* even though it may be at a suboptimal 
rate. However, a word of qualification is necessary in the inter¬ 
pretation of the concentrations of growth factors in worts and 
beers experimentally determined by the method of microbiological 
assay. The figures quoted are the results of assays on materials 
which have been pre-treated with acid or with enzymes in order to 
liberate “bound" forms of the factors. The figures, therefore, 
represent a total of both “free” and “bound” growth factors. It 
must be emphasised that growth factors occurring in the latter 
form are not necessarily available to the yeast cell. (.See also 
Chapter IX.) 

The fate of wort inositol and /^aminobenzoic acid (/>-AB) 
during fermentation is not yet known. In the case of inositol, it 
might be anticipated that worts fermented by inositol-requiring 
strains of yeast would be depleted of inositol. With p-AB the 
situation may be similar; but, in this case, other factors must be 
considered. Cutts and Rainbow(23), using a top fermentation 
brewers 5 yeast exacting to p- AB, have shown that the vitamin can 
be replaced, to a large extent (but not entirely) by relatively large 
concentrations of adenine, methionine, and histidine. These sub¬ 
stances are believed to be end-products of enzymatic synthetic 
systems for which />-AB is essential, so that they exert a p-AB- 
spanng effect. Furthermore, when the methionine concentration 
is relatively low, several other amino acids (of which L-leucine is 
the most potent) also spare p-AB. Thus, it is conceivable that in 
complex media, such as malt wort, even those yeasts exacting to 
p-AB may yield beers which are little, if any, less rich in p~A\l 
than the worts from which they were brewed. 
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Malt wort as a nutrient medium for brewers’ yeast 

In the brewery, yeast growth occurs at the expense of brewers' 
malt wort, Ultimately, therefore, the raw materials for yeast 
nutrition are derived from barley. 

Viewed from the angle of yeast nutrition, the processes of 
making and mashing are techniques whereby the chief reserves of 
polysaccharide (starch) and protein of the barley corn arc mobilised 
and degraded to substances assimilable by yeast. During malting, 
the dormant enzymes of the barley corn are activated as a result 
of the onset of germination, considerable proteolysis takes place, 
yielding much yeast assimilable nitrogen, and some degradation 
of starch occurs. At the same time, concurrently with the develop¬ 
ment of enzymes and the increased rate of metabolism associated 
with increased cellular activity during germination, vitamins of 
the B complex are elaborated in concentrations in malt which 
greatly exceed those in the parent barley. This has been shown 
to be true for biotin(22), for pantothenate(21), for aneurin(18), 
for pyridoxin(20), and for nicotinic acid (19). 

During mashing, yeast-assimilable peptides and amino acids are 
extracted from the malt, together with growth factors and mineral 
salts. At the same time, some further proteolysis occurs, although 
the bulk of yeast-assimilable nitrogen has already been formed 
during malting. The latter is especially true in top fermentation 
brewing, where mashing temperatures (ca. 150*T r .=7PC) are 
selected for optimum amylolytic activity, without particular 
reference to proteolysis, the optimum temperature for which is 
considerably lower. In addition, the brewing water contributes 
to the extract further mineral salts which are important not 
only as yeast nutrients, but also bv virtue of their effect on the 
pH of the wort. However, quantitatively the most important 
change occurring during mashing is the conversion of starch to 
maltose by a- and ^-amylases. Maltose is the chief fermentable 
sugar of malt wort, but some glucose is also present as a result ot 
maltase activity. 

The malt wort finally obtained is a rich nutrient medium for 
yeast, providing at a suitable pH (ca. 5*6) assimilable and ferment¬ 
able carbohydrates (maltose and glucose), assimilable nitrogen 
(amino acids and peptides), mineral salts and growth factors. As 
a result of the metabolic activities of yeast during fermentation, 
these nutrients, with minor exceptions such as riboflavin, are 
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depleted, Thus, beet \s a poorer medium for the growth of micro¬ 
organisms than malt wort, and is rendered the more unsuitable by 
the presence of inhibitory substances such as ethanol, fusel oil, and 
by a lowered pH (ca. 4-2). Reference must also be made to the 
hop antiseptics which pass through to the beer and which arc 
active against Gram-positive bacteria. 

However, no yeast completely depletes malt wort of any major 
nutrient. Invariably, a residuum of nutrients remains which may 
support the growth of spoilage micro-organisms. It is against this 
background that the importance of a vigorous, highly attenuative 
yeast to the brewer may be appreciated. The more vigorous and 
attenuative the yeast, the more depleted in assimilable nutrients 
will be the beer. Since such residual nutrients must be regarded 
as nutrients which may support the growth of spoilage micro¬ 
organisms, it follows that a well attenuated beer tends to be more 
biologically stable than a poorlv attenuated beer for two reasons: 
(*;) less nutrients, utilisable by spoilage micro-organisms, will be 
left in the beer; (b) the beer will contain greater concentrations of 
toxic end-products resulting from the metabolism of the yeast 
(ethanol, fusel oil, hydrogen ions). 

Microbiology of pitching yeasts 

lor the most part, the yeast used for inoculating (“pitching”) 
bottom fermentation brews is propagated by successive aseptic 
transfers from a single cell isolate, Such yeasts are, therefore, 
single celt, pure cultures and fresh batches of pitching yeast are 
grown up anew from single cel I isolates from time to time as required. 

In top fermentation brewing practice, the case is different. In 
most breweries, the yeast has been propagated through innumer¬ 
able brews in open vessels over a period of many years, con¬ 
taminants from one brew being carried over to the next along with 
the mass of culture yeast cells. The pitching yeast in top fermen¬ 
tation breweries consists of a selected portion of the yeast crop 
from a previous brew and invariably contains both yeast-like and 
bacterial contaminants, Thus, top fermentation pitching yeasts 
are not pure cultures: at best, they can only be regarded as 
“natural” pure cultures. 

Under such circumstances, contaminants are prevented from 
increasing disproportionately: {a) by virtue of the overwhelming 
number of culture yeast ceils; (b) by the use of technological 
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procedures designed to create an environment favourable to the 
cultivated yeast rather than to the contaminants. Here again, the 
importance to the brewer of a vigorous yeast is brought out. 

The most important contaminants of brewers 1 top yeasts may 
be classified as follows: 

A. Yeasts and yeast-like organisms. 

(a) Sporogenous yeasts (e*g. S> ellipsoideus, S, pastorianus , 
S. validus). 

(i b ) Species of Rhodotonda (“pink yeasts 11 ), Tomlopsis 
(" Torula ”)> My coder ma, Candida {Monilia) t and Bret ta- 
notnyces (*‘secondary yeasts 15 ). 

B, Bacteria. 

(a) Acetic acid bacteria (species of Acttobactej), 

(i b ) Lactic acid bacteria [species of Lactobacillus and Strepto¬ 
coccus (brewers’ “Sarcina")]. 

(Y) Flavobaclerium proteum, 

(d) Achromobacier anaerobium. 

These organisms, with the exceptions of Brettanomyces and 
F. proteum f are potentially beer spoilage organisms. Their adverse 
effects are exerted on beer after primary fermentation has ceased 
and the majority of culture yeast cells have dropped out of sus¬ 
pension. In particular, the bacteria and smaller yeasts tend to 
remain in suspension, and begin to proliferate in the beer, drawing 
on the residual nutrients of the beer for their life processes. A 
detailed discussion of these organisms will not be attempted in 
this chapter, but it is emphasised that representatives of these 
organisms are invariably present in top fermentation pitching 
yeasts, that they may survive primary' fermentation, pass into the 
finished beer and cause spoilage therein, and that, occasionally, 
they may even contribute favourably to the flavour and character 
of top fermentation beers. Brettcitioftiyccs $ pecies, in particular, may 
bring about a secondary fermentation which imparts a character¬ 
istic, desirable odour and flavour to naturally conditioned beers. 

Brewers' top fermentation pitching yeasts are, in fact, dynamic 
equilibrium mixtures of: 

(a) the culture yeast and its variants; 

(b) “wild” sporogenous yeasts and asporogenous yeast-like 
organisms; 

(c) several bacterial species. 
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A factor tending to favour any one of the species and strains which 
constitute the population of the pitching yeast will tend to upset 
the equilibrium and bring about a change in the relative numbers 
of all constituent species. In turn, such a change may effect a 
change in the character of the finished beer. I lence the pains 
taken by the brewer to replicate his brewing technique as nearly 
as possible from brew to brew is not without theoretical founda¬ 
tion, in that, by so doing, he tends to create a constant cultural 
environment and thus minimise changes in the relative numbers of 
the constituents which comprise the population of the pitching 
yeast. It is unfortunate that no information on the population 
statistics of brewers 1 pitching yeasts arc available: the relative 
numbers of culture and wild yeasts, yeast-like organisms and 
bacteria, how such numbers change with time and with environ¬ 
mental charge, is virtually an uninvestigated problem. 
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CHAPTER XXVIII 


EFFECTS OF COMMON BACTERICIDAL SUBSTANCES 
AND OF HEAT UPON YEAST GROWTH AND VIABILITY 

I NCREASING attention has been paid recently in yeast factories, 
breweries, and distilleries to the action of anti-growth agents 
towards yeasts and other micro-organisms. The published work 
in the literature upon this subject is scanty. In Europe in general 
the serious fuel shortages during and since the war have made 
necessary the reduction of steam consumption to a minimum and 
even in plants and processes where sterilisation by steam has been 
practised for years it is natural that attention should be given to 
the use of chemical sterilising agents as an alternative method* 
Whilst, obviously, it cannot be argued that if a chemical reagent 
will destroy vegetative yeast cells it will destroy alt forms of other 
micro-organisms (including spores), it can justifiably be argued 
that use of yeast cells as “indicator' 1 organisms will demonstrate 
the minimum degree of severity' in which the chemical reagents 
must be used to ensure a degree of “sanitisatian” rather than 
sterility. As will he seen from the results quoted below, the 
resistance of yeast cells towards certain of the chemical reagents is 
surprisingly great. In addition to the “killing power” in aqueous 
suspension other aspects of the poisonous behaviour of chemical 
reagents towards yeasts are worthy of detailed study. 

The results of these studies have made it evident that at least 
three aspects of the poisonous nature of chemical reagents towards 
yeast have to be examined before a reasonably complete picture 
of the toxicity of these substances may be obtained. These are as 
follows: 

(1) The amount of the substance necessary to be added to the 
nutrient medium to prevent growth of yeast colonies upon an agar 
plate must be determined. 

(2) The “killing power” of the substances when added to 
standard yeast suspensions in water is required to be known, 

(3) The reduction of yeast growth in an aerated wort of definite 
composition with varying additions of the toxic reagent should be 
studied. 
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The inhibitory action of common elements towards the growth 
of yeasts in aerated wort has been discussed in Chapter XXL The 
group of elements having great inhibitory action towards yeast 
growth consists of cadmium, copper, silver, osmium, mercury, and 
palladium, and it was found that only very small amounts of these 
elements were necessary, in a synthetic medium, to produce a 
startling reduction in yeast growth or to inhibit growth entirely. 
The anti ^growth behaviour of these dements is readily expressed 
as "Poisoning Capacity”, cadmium being the most poisonous 
dement when judged in this u r ay, closely followed by copper. 
Different types of classification would be obtained if the amount 
of yeast required to inhibit growth completely were taken as the 
criteria of toxicity, as the addition of over 10 p,p,im of cadmium 
is necessary for this* compared with only 0*4 p.p.m. of silver or 
1 p.p.m. of copper, Chapter XXI has shown that the addition of 
small amounts of malt or molasses worts to the synthetic test 
solution can be responsible for a very large measure of protection 
for the yeast against the toxicity of the test elements. This "'pro¬ 
tection' 1 is further discussed in the present chapter in which it 
may also be seen that the yeast seeding rate and the biotin content 
of the medium have considerable effects upon the toxicity of the 
elements. The behaviour of salts of the elements cadmium, copper, 
and mercury in growth prevention tests on agar plates and in 
"killing power” tests in aqueous yeast suspension has also been 
studied. 

The resistance of the yeast strain employed towards the action 
of heat is also discussed and the presence in normal samples of 
fresh compressed yeast cakes of a comparatively small number of 
yeast cells w hich are very much more resistant both towards heat 
and chemical reagents has been demonstrated. 


Effect of Heat on Yeast Viability 

Samples of freshly-grown bakers' yeast were suspended 
in sodium phosphate-citric acid buffer solutions at pH 3-0, 5 0, 
7 0, and 8 0, and heated at 55° C, for a few minutes in each 
case. (0 01 grm. of yeast in 1 ml. aqueous suspension added 
to 100 ml. of buffer which had been preheated to 55° C 
One ml. of suspension was plated out on molasses-malt wort 
agar.) 
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At 55° C. 


Number of Colonies formed after the Heating Period 


pH 

0 min. 
{No heating) 

i rain. 

2 min. 

4 min. 

7 min. 

10 min , 

30 

500,000 

approx. 

70,000 

approx, 

2500 

150 



SO 

500,000 

approx, 

70,000 

approx, 

2500 

164 

- 

_ 

1 

500,000 

approx. 

70,000 

approx. 

2500 

100 

42 

24 

8'0 

500,000 

iipprox. 

70,000 

npprox. 

2500 

102 

— 

— 


Variations in pi I are thus seen to have little effect on the destruction 
of the yeast cells* 

The effect of heating a suspension m similar fashion at 55° C, 
and CO C« at pH 7 0 is shown below* 


Number of Colonies fortned after the Heating Period 


Healed for 

0 min. 

1 min , 

2 min. 

3 min. 

4 m in . 

7 min. 

10 min. 

Heated at: 
55° C. 

500,000 

approx. 

70,000 

approx, 

2500 — 

160 

42 

24 

60° C. 

500,000 

10S 

72 

2 

0 

0 

0 


It seems dear from the above figures that small numbers of 
yeast cells arc very much more resistant to heat than the majority 
of the cell population. The resistance of a very small section of 
cells to the action of certain bactericidal agents will also be 
apparent later in this chapter, It was also noticed that normal 
cells formed large colonies in the solid medium after 24 hours" 
incubation, whereas the cells remaining viable after the heating 
showed a considerable lag before colony formation took place. 
1 he normal cell multiplication and consequent colony formation 
would thus appear to be retarded by "thermal shock'" to the 
heated yeast cells, 

1\ van Halteren(l) has demonstrated that Saccharomyces 
cerevmae yeasts have shown sluggishness in the intake of nitrogen, 
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oxygen* and phosphate as a result of the “thermal shock” induced 
by heating suspensions of the yeasts at 47°C. for 1 hr* at pH 5-0. 
Cultures of Torula utilis were affected in the same way by similar 
treatments. 


Action of Bactericidal Agents on Yeast Growth and 

Viability 

(i) Reduction of growth on solid agar media 

In most of the tests under this heading a yeast population of 
approximately 500*000 was added in 1 ml. of suspension to each 
plate* The appropriate quantity of the chemical anti-growth 
agent was added to the 10-ml* tube of melted agar at 42 =, C* just 
prior to the addition of the yeast suspension and, after rolling 
well and gently shaking to obtain a homogeneous dispersion of 
organism and reagent in the agar, the contents of the tube 
were run into a sterile petri dish (9'5 cm, diameter) in the 
normal manner. The plates were incubated at 30 5 C. Two media 
were used for this work, the composition of these being as 
follows; 

(a) Agar-salts-sucrose medium {“Sucrose agar ” medium): 

28 grm. “Difco” Brand Bacto Nutrient Agar. 

5 grm* “Difco” Brand Yeast Extract. 

60 grm. Sucrose. 

Made to 1 litre with water. (pH adjusted to 5-5 with lactic 
acid.) 

(b) Agar-salts-molasses-malt wort medium {“Malt wort-molasses- 
agar" medium): 

28 grm. “Difco” Brand Bacto Nutrient Agar. 

5 grm, “Difco” Brand Yeast Extract, 

300 ml Malt Wort (sp. gr. 1059). 

60 grm. Beet Molasses (=30 grm, fermentable sugar). 

Made to i litre with water. (pH adjusted to 5-5 with lactic 
acid.) 

Results: 

(Note,— Number of colonies on control plate without added 
reagent—approximately 500,000.) 
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Parts per million of 
Reagent on 
plate 

Numbers of colonies o\ 

Sucrose- Agar 

Medium 

N inoth a it'd plate 

Mult Wort-Molasses- 
Agar Medium 

1 

CETYLTRl METHYL 

AMMONIUM BROMIDE 


0 

500,000 

500,000 

15 

100,000 

640 (s) 

20 

300 (s) 

nil 

25 

nil 

nil 

CHLORINE (AS SODIUM HYPOCHLORITE) 


0 

500,000 

500,000 

50 

300,000 

-• 

100 

40 (s) 

300,000 

150 

nil 

1500 (s) 

PHENOL 



0 

500,000 

500,000 

3500 

450,000 (U) 

500,000 (f.s.) 

2000 

150,000 (s) 

150,000 (s) 

(Colonies developed far faster in malt wort medium than In 

sugar medium) 

2500 

nil 

nit 

LYSOL 



0 

500,000 

500,000 

1500 

300 large colonies 
together with 80,000 
very stunted, small, 
slow developing 

colonies. 

400,000 

2000 

nil 

nil 

SULPHUR DIOXIDE (AS SODIUM BISULPHITE) 


0 

500,000 

500,000 

600 

No reduction in numbers of colonies but rate of 
growth reduced 

1000 

100,000 (v + s„) 

25,000 (v.s.) 


j (Many colonies take 72 hr- to show) 

1500 

nil 

nil 




YEAST TECHNOLOGY 


Paris per million of 
Reagent On 

plate 

Numbers of colonies o 
Sucrose-Agar 

Medium 

u incubated plate 

Malt Wort-Molasses- 
Agar Medium 

MERCURY (as MERCURIC CHLORIDE) 

0 I 500,000 

500,000 

10 

250,000 

450,000 

20 

30,000 

250,000 

30 

2000 

25,000 (s) 

35 

200 

7000 (a) 

40 

nil 

50 (v*s.) 

50 

nil 

2 (v.s.) 

CADMIUM (AS CADMIUM SULPHATE) 

0 ! 500,000 

500,000 

20 

400,000 

500,000 

50 

15,000 (v.s.) 

— 

100 

10,000 (v.s.) 

75,000 (s) 

200 


25,000 (s) 

300 

200 

8000 (v.s.) 

400 

(Very small and slow 
growing) 
nil 

2000 (v.s.) 

500 

nil 

nil 

COPPER (AS CUFR 
0 

ic sulphate) 

500,000 

500,000 

150 

300,000 


250 

(Mostly small colonies 
slow to develop) 
100,000 


O 

o 

(Most “colonies” con¬ 
sist of only 2 cells 
each) 

10,000 

200,000 

400 

(Rather slow growing 
but developing to 
colonies of 50-80 cells) 
nil ( 8000 
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Parts per million of 
Reagent on 
plate 

Numbers of colonies t 

Sucrose-Agar 

Medium 

<yn incubated plate 

Malt Wort-Mol asses- 
Agar Medium 

1 

copper (as cupric sulphate) —continued 

4-50 ! nil 

500 


(Of these* 80 were large 
colonies of 50-80 cells, 
but the remainder w ere 
very small, containing 
2-6 cells only* Colonies 
were slow developing) 

FORMALDEHYDE 



0 

500,000 

500,000 

100 

125,000 

150,000 

ISO 

15,000 

20,000 

200 

200 

320 

250 

nil 

nil 


Notes 

s. — colonies- developed slowly* 
f.s. = colonies developed fairly slowly, 
v,$*^colonics developed very slowly. 


The relative growth inhibitory power of these substances can, 
therefore* be summarised as below: 


Quantities of Reagent (parts pet million) necessary for the complete prevention of 
growth of Itemf Colonies on Agar Plate 


Substance 

Sucrose-Agar Medium 

Malt Wort-Molasses - 
Agar Medium 

Cetyltrimethyl 

Ammonium Bromide 

25 

Between 15 arid 20 

Mercury 

40 

Slightly more than 50 

Chlorine 

About 125 

About 200 

Formaldehyde 

About 225 

About 225 

Cadmium 

About 350 

About 500 

Copper 

400 

More than 500 

Sulphur Dioxide 

About 1500 

About 1250 

Lysol 

About 1700 

About 2000 

Fhenol 

About 2500 

About 2500 
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(2) Lethal action of chemical agents in aqueous suspension 

In these experiments a cell population of approximately 500,000 
per 1 ml. was subjected to various concentrations of the reagent 
for varying periods of time at 20 fl C* The numbers of yeast cells 
surviving the various treatments were determined by plating upon 
the malt wort molasses medium. In certain cases, if a high con¬ 
centration of the chemical agent was used, it was necessary' to 
dilute the yeast reagent suspension before plating to produce on 
the final plate a concentration of reagent which had been previously 
shown to haze no effect on the yeast growth * (As an example* when 
using cetyltrimethyl ammonium bromide in 100 p.p.m. concen¬ 
tration, 1 ml. of the yeast suspension after treatment was diluted 
10 times and 1 ml. of this suspension was inoculated into the 10 ml. 
of nutrient agar used in the preparation of the plate* This gave a 
concentration of only 1 p.p*m, of reagent on the final plate* an 
amount which previous work had shown to have no effect on yeast 
growth on the plate*) The numbers of viable yeasts from the 
initial 500,000 were thus calculated. 

Results ; 

(Expressed as viable yeasts remaining in 1 mi of original yeast 
suspension.) 

cetyltrimethyl ammonium bromide 


100 p.p.m, of reagent 
After 0 mm* 500*000 

After 1 min. 800 

After 2 min* 40 

After 3 min. 6 

After 5 min. 4 

After 10 min. 1 

After 20 min. nil 

chlorine (as sodium hypochlorite) 
10 p.p.m. of reagent 
After 0 min. 500,000 

After 1 min. 150*000 

After 2 min. 5000 

After 3 min* nil 
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PHENOL 


10,000 p.p.m. of reagent 
After 0 min* 

After I min. 

After 5 min. 

After 10 min. 

After 20 min. 


500,000 

125,000 


50,00011 
800 - 
10 , 


Many of the colonies grew to 
only a restricted size and 
colony formation was slow 


lysgl 

10,000 p.p.m. of reagent 
After 0 min. 

After { min. 

After J min. 

After 1 min. 


500,000 

04 

2 

0 


SULPHUR DIOXIDE (.AS SODIUM BESI'M'EIHT-) 

1000 p.p.m. of reagent At pH 70 At pH 3 5 (Citric Add) 


After 0 min. 500,000 500,000 

After 20 min, — 50,000 

After 60 min. 200,000 nil 

After 90 min* 90,000 nil 

After 120 min. 500 nil 

(Considerable delay 
in colony formation) 

After 150 min. nil nil 


MERCURY (AS MERCURIC CHLORIDE) 


1000 pp.m. of Mercury 


100 p.p.m. of Mercury 


After 0 min, (control) 

5000 

After 0 min. (control) 

50,000 

After l min. 

20 

After 1 min. 

30,000 

After \ min. 

nil 

After 60 min. 

4 

After 1 min. 

nil 




CADMIUM (AS CADMIUM SULPHATE) 

WOO p.p.m. of Cadmium 


After 0 min. (control) 5000 

After J min. 144 

After $ min. 4S 

After 1 min, 25 

After 60 min. IS 

After 120 inin. 3 


100 p.p .rn. of Cadmium 
After 0 min, (control) 50,000 
After 1 min. 1600 

After 60 min. 360 
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COFFER (AS CUPRIC SULPHATE) 



1000 p.pML of Copper 


100 p>p<m> of Copper 

After 0 min. (control) 

5000 

After 0 min. (control) 50,000 

After J min. 

400 

After 1 min* 

30,000 

After J min* 

220 

After 60 min* 

480 

After 1 min. 

16 



After 2 min. 

4 



After 5 min. 

2 



ETHYL ALCOHOL 

207,(1) 

30% 

40% 


Alcohol 

Alcohol 

Alcohol 

After 0 min* (control) 

500,000 

500,000 

500,000 

After 1 min* 

500,000 

325,000 

nil 

After 5 min. 

500,000 

150,000 

nil 

After 10 min. 

500,000 

7500 

nil 

formaldehyde 




10,000 p.pjn. of Formaldehyde 



After 0 min. (control) 

5000 



After 10 min. 

1600 



After 30 min. 

50 



After 60 min. 

20 



(3) Reduction of yeast growth in an aerated liquid medium 


In this work the toxicity of the chemical agents has been 
examined using a precisely similar method to that used for the 
determination of toxicity of dements towards yeast growth. As 
in that work the amounts of various substances (p,p,m,) necessary 
to reduce yeast growth to one-half of its normal value and to 
inhibit yeast growth completely in a defined synthetic medium 
were determined- Growth was carried out in aerated synthetic 
wort using a technique precisely similar to that employed for 
assay of nutrilites in raw materials(2)* (See Chapter IX*) Ihe 
standard medium was composed as follows* the figures repre¬ 
senting the weights of nutrients per 1100 ml. of solution: 

Sugar (as sucrose) 50 grm. 

Ammonium sulphate 4 
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Disodium phosphate (NaJHFG 4 .2H a O) 2 
Magnesium sulphate 0- 

Calcium chloride 0- 

Ferric ammonium sulphate 0- 

Zinc (as sulphate) 0 

Copper (as sulphate) (}■ 

D-biotin 1 

Aneurin (vitamin Bj) hydrochloride 200 
Riboflavin (vitamin 1C) 100 

Nicotinic acid 5000 

/f-Aminobeazoic acid 300 

Pyridoxin (vitamin B e ) 1000 

Calcium D-pamothenate 500 

Meso- inositol 50,000 


grm, 

5 grm, 

1 grm. 

02 grm. 

2 millignn. 
01 millignn, 
microgrm. 
microgrm. 
microgrm. 
microgrm. 
microgrm, 
microgrm. 
microgrm, 
microgrm, 


Buffer solution: 

Ten mb of a solution consisting of 800 ml. of 50 per cent 
potassium lactate+75 mb A.R, lactic acid. (This also supplies 
the necessary potassium.) 

The fermentations were carried out at 30° C. and air was supplied 
at an oxygen solution rate of 0-7 grm, per litre per hr, when 
measured by the sulphite oxidation tcchmque(3 and 4). The yield 
of yeast in control experiments was 19-4 grm, at 27 per cent dry 
matter, seed yeast being 0-3 grm. at this standard dry matter. 
The reagents under examination were added as p.p.rm of active 
substance on the volume of the solution. The rinal yeast crops 
were assayed in the standard manner, in all cases after a 24-hours* 
growth period. A number of assays was carried out with each 
reagent under examination, curves being drawn to illustrate the 
yeast growth obtained with varying doses of the test material 
Expressing the “poisoning capacity" of cadmium, the most toxic 
element, as 10,000, the poisoning capacities of the other sub¬ 
stances were calculated and were expressed as in the table on 
page 368, 

Several variations in the conditions of the experiments were 
examined to assess the influence of the addition of molasses to the 
medium, effect of increasing the seeding rate, use of considerably 
increased amounts of biotin, etc. The results of these tests are 
shown tn Table 40. 
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Substance 

p*p.m< required to 
produce yeast 
half-growth 
(i.e. 9-7grm.) 

p-p.m. required 
to inhibit yeast 
growth completely 

“Poisoning 

Capacity"* 

Cadmium 

0-125 

Growth not 
completely 
inhibited until 
over JO p.p.m. 

10,000 

Copper 

0*175 

10 

IS 

7100 

Mercury 

FSS 

810 

Chlorine 

Cetyhri methyl 
Ammonium - 

15 

2*0 

833 

Bromide 

21 

45 

59*5 

Formaldehyde 

60 

105 

20-S 

Sulphur Dioxide 

ns 

275 

9*3 

Phenol 

650 

1250 

19 

Lyse 1 

1450 

20OO 

0*9 


•“Poisoning capacity" 


10,000x0 125_ 

p.p.m r of substance required to reduce growth 
to one half 


I'rom the results of this investigation several interesting con¬ 
clusions may be drawn; 

Primarily, it becomes obvious that, when discussing the 
inhibitory action of any substance towards the growth of yeast, the 
precise experimental conditions employed in the investigations 
must always be carefully stated. 

In many cases, it can be seen that the inhibitory effect of a 
definite quantity of toxic material is reduced as the biotin content 
of a medium is increased when using copper, cadmium, 
formaldehyde, and sulphur dioxide). Exceptions were met, how¬ 
ever, in the cases of cetyltrimethyl ammonium bromide, phenol, 
and lysol, in which cases the addition of six times the standard 
amount of D-biotin failed to increase the yeast yield to any 
significant extent. 

Increasing the seeding rate also often had the effect of reducing 
the apparent toxicity of a substance. It may be seen that this effect 
is not simply due to an increase in the total biotin content of the 
system, for the biotin content of the seed yeast employed (0 25 
microgrm. per grm,) is insufficient to explain the effect. It appears 
that, in many cases, a definite amount of seed yeast requires a 
definite amount of toxic agent for its inactivation, 
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In all cases, the addition of a quantity of molasses solution to the 
system reduced the inhibitory' action ol the added toxic agent very 
considerably. A similar protective influence was also exhibited 
by malt wort. In all the experiments of this kind the amount of 
molasses or malt wort added replaced the standard quantity' of 
synthetic D-biotin {1 microgrm.) normally used and also replaced 
an equivalent amount of fermentable sugar. In the work using 
metallic inhibitory agents it seems possible that the stimulatory' or 
protective effect of the malt or molasses wort may be due to the 
suppression of the ionisation of the toxic agent, but obviously this 
explanation is not applicable when using the organic reagents 
(phenol, lysol, formaldehyde, and quaternary' compound}. 

The action of chlorine does not appear to be so complicated as 
that of some of the other reagents. The destructive chemical action 
of this substance upon biotin is well-known, £.£*(5), Addition of 
malt wort or molasses to a system followed by chlorine results in 
the destruction of the free chlorine by reactive organic matter in 
these additions, leaving the biotin in the medium virtually 
unaffected. 

It is interesting to compare the effects of some of the toxic sub¬ 
stances upon the growth and fermentation rates of the yeast in the 
comparative fermentation tests in aerated worts. Typical results 
are assembled in Table 41. 

Genera! Discussion 

It has been shown that when examining the effects of toxic 
agents towards yeast at least three criteria of toxicity should be 
evaluated, namely: 

(1) The lethal power of the substance when added to an 
aqueous suspension of the yeast. 

(2) The growth-inhibiting power of the substance towards 
yeast when added to a nutrient agar plate inoculated with a yeast 
suspension. 

(3) The growth-inhibiting action of the substance towards 
yeast in an aerated nutrient medium of carefully defined 
composition. 

It will be obvious that the growth-inhibiting power of the sub¬ 
stance on the nutrient plate must be determined before the lethal 
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power in aqueous suspension can be estimated with certainty; such 
knowledge will enable the “carry-over" of lethal material in the 
inoculum to be reduced to a safe minimum. It is important also 
to realise in this same connection that, when yeast is treated in 
aqueous suspension with the toxic substance, the inevitable 
"carry-over” of reagent in the subsequent testing will have a 
slight action in retarding the growth of any viable cells left. It 
appears, however, that such effects are not likely to be great if 
dilutions are selected with sufficient care. 

I rom the results obtained, it is clear that the most poisonous 
material judged by one of the tests is not necessarily the most 
highly potent when judged by one of the other tests. Arranging 
the chief substances dealt with in this work in descending order of 
toxicity in the three main groups of tests, the table shown on 
p. 372 is obtained. 


It will be sufficiently clear from this, without further com¬ 
ments, that it is impossible to compare the toxicity of two or 
more substances without carefully stating the conditions used, 

I or sterilisation of plant and equipment it is apparent that 
chlorine is easily the most potent agent for killing power in aqueous 
suspension. The quaternary compound, cetyltrimethyl ammonium 
bromide, however, is seen to be quite potent in this test and may 
be preferred in some cases because of its lack of corrosive action 
towards certain metals and other materials used in fermentation 
equipment. It is important when using chlorine to bear in mind 
the fact that the effective concentration of this substance is readily 
lessened by the reducing nature of any organic matter present. 

I high toxicity of the quaternary compound judged by all the 
tests is noteworthy * and it will also be seen that the elements 
copper, cadmium, and mercury are very toxic when compared by 
any of the tests used. Sulphur dioxide, lysol, and phenol arc very 
much less toxic than the other substances examined. The 
differences in toxicity of lysol and phenol when judged by the 
various tests arc of considerable interest. Thus, lysol is more toxic 


bince this chapter was written the author has examined the quatemarv 
rr U \TT d dideejrldimjdiyl ammonium bromide by the series of 
, deseril ?ecl tn the chapter and has found it to have about 150 per cent rtf 
ymt killing potency of celyhrimethyl ammonium brom dV m dl ca ^ 
hts noteworthy that many of the common mould, are C xSy„£<StTo 

tln'T ° f ^^nary compounds, whereas mane WteHa Trl Jlw 
rtjdily destroyed by quite small concentrations of the disinfectants. 7 


371 



Table illustrating the Relative Toxicity of the Chemical Substances used in the three groups of tests. The Substances 

are grouped in descending order of toxicity. 


YEAST TECHNOLOGY 



372 



COMMON BACTERICIDAL SUBSTANCES 


than phenol in both the agar plate test and the test in aqueous 
suspension, whereas the position is reversed in the growth test in 
aerated wort- The poor killing power of formaldehyde in aqueous 
solution is of interest, as this substance stands high as a growth- 
inhibiting agent in the agar plate tests and is widely used in 
breweries for sanitisation purposes. 

In the tests In aqueous suspension, it is obvious from the results 
that the numbers of cells are in no cases reduced exponentially. 
The law of exponential decline, N=N Q er li (where N is the 
number of cells surviving the treatment at the end of time, f, out 
of an initial number of cells represented by A T 0 ; / is a constant 
and e the base of Kaperian logarithms) is thus not applicable to 
these conditions. Nor does there seem to be a common rule for 
the killing of yeast in these tests, apart from the fact that a small 

number of cells—usually several hundred only out of 500,000_ 

appears to resist destruction far more strongly than the bulk of 
cells in some of the tests. 


The exceptional resistance of a small number of yeast cells is also 
noticeable in the experiments in which yeast suspensions were 
heated- In these experiments, also, cell destruction docs not take 
place according to a logarithmic law. The greater resistance of a 
fraction ol the cells of a yeast sample than the bulk of the cells 
towards destruction by heat or toxic materials would thus appear 
to be a true “population effect*'—a recognition of the existence of 
the strong and the weak as members of the same yeast population. 
1 he yeast strain employed required a heating period of between 
3 and 4 mins, at 60" C, for complete destruction of the cells. The 
pH of the suspension had little effect on the result over the pH 
range 3 0-8 0. 


It is interesting to note that, in the aerated wort growth tests, 
the replacement of 10 per cent of the sucrose of the synthetic 
medium by molasses or malt wort resulted in a considerable 
reduction of the poisoning effect of all the substances examined. 
Considerable increases in yield could be obtained by increasing the 
seeding rate threefold in most cases, suggesting that a stated quam 
tity of seed yeast would require a definite amount of toxic reagent 
mr its inactivation. An increase in the biotin content of the 
medium was m many cases observed to give increased yields when 
large amounts of inhibitor}' materials were present in the medium. 
I he relative toxicity’" of inhibitory materials towards yeast must, 
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therefore, always be expressed as a function of the composition of 
the growth medium employed, It is quite possible that a substance 
having a greater relative toxicity than another material in one 
medium may be less toxic in a medium of different composition. 
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DISPOSAL OF EFFLUENTS FROM YEAST FACTORIES 

T he principal trade wastes from yeast factories are the spent 
separated worts from molasses processes, together with 
dilute washings from yeast separation processes, waste cooling 
water and factory washing water- An analysis of a typical separated 
spent wort is given in Table 33, This shows that a considerable 
amount of dissolved solid matter is discarded in the effluent. 
Much of the dissolved matter is organic in nature and the Bio¬ 
chemical Oxygen Demand (B.O.D.) of such wastes can be of a 
very high order, often as high as 20,000 p.p.m*, depending upon 
the concentration of molasses and other organic nutrients in the 
original medium. The majority of yeast factories discard such 
wastes into the local area drainage system. Mention has been made 
of the possibility of concentrating these effluents by waste steam 
and using the concentrate as a fertiliser. A, M. Bus well (1) has 
stated that it is often economical to use such a process when the 
concentration of dissolved solids reaches 3 per cent. 

The very high organic matter content of such effluents makes 
them similar in nature to domestic sewage in that much oxygen is 
required for their “stabilisation 1 '. A, J. C. Olsen(2) has calculated 
that the effluent from 100 tons of molasses is equivalent to the 
domestic effluent from a population of about 40,000, 

The need for the possession of methods for the treatment of 
such wastes is obvious and the subject has received far more 
urgent attention in America than in Great Britain, probably due 
to far more stringent legislation. The principles of biological 
standardisation are so well-known as to warrant only casual atten¬ 
tion here. Organic wastes with high B,G,D. values deplete the 
oxygen content of any stream into which they are discharged, 
the oxygen requirements of fish and vegetation cannot be met, and 
the stream or river becomes little better than an open sewer, i he 
effluent must, therefore* be treated in a suitable way to get rid ot 
the organic matter and reduce the B.O\D, value of the effluent to 
a safe level before discharge. Compounds containing carbon, 
hydrogen, and nitrogen must be oxidised to the simplest state before 
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discharge and this is done in practice in two chief ways—by 
bacterial treatment in aerobic and anaerobic processes. Standard 
text-books on sewage treatment should be consulted for a com¬ 
prehensive survey of the microbiology of such processes. The 
anaerobic processes are normally conducted in huge sealed tanks. 
These processes usually produce humus—like insoluble substances, 
together with large volumes of gas (usually methane* hydrogen, 
and carbon dioxide). The gas is sometimes collected and em¬ 
ployed as fuel, the composition of the gas depending on the 
conditions employed. The aerobic processes, on the other hand, 
usually completely oxidise waste organic matter to carbon dioxide 
and water and microbial solid matter. Not only bacteria and moulds 
but protozoa and other animal forms, worms, maggots, and flics 
play an important part in destroying the organic matter, both 
processes have been surveyed briefly by Buswell(3). This authority 
has shown that in general the anaerobic process is normally 
cheaper to use than the aerobic method—for example, to treat 
milk wastes the relative costs are in favour of the anaerobic 
process by about 117 to 9, Buswell points out, however, that the 
discharge from an anaerobic tank rarely has a B.O.D, value of less 
than several hundred p*p.m., and that the cost of anaerobic treat¬ 
ment increases with decreasing concentration of solids in the 
effluent, so that there is little in the cost of the two processes at or 
below a solids content of 1 per cent It is usually necessary to 
finish off the discharge from the anaerobic process by the aerobic 
filter-bed method before discharging the effluent into the stream. 
The author quotes figures for effluents from two prominent ITS.A, 
yeast factories. The first of these ran over 200,000 gallons per day 
[“volatile solids 11 105 per cent] into a tank of over 2 million 
gals, capacity. The reduction of B.O.D. was 80 per cent (from 
10,000 to 2000), giving 5 cu. ft. of gas per lb. of volatile solids* 
Ihe second plant discharged 160,000 gals* daily into a tank of 
623,000 gals, capacity, reduction of R.O.D. being 5000 to 1500 
(70 per cent) with volatile solids of 0*7 per cent and gas production 
oi 4’25 cu, ft. per lb, of volatile solids. 

According to VV. Rudolfs and E + H. Trubnick{4) R.O,D, 
reductions of wastes from yeast factories of 80-98 per cent may 
he achieved by careful use of a combination of anaerobic digestion 
and trickling filters. To commence the anaerobic process a ripe 
sewage sludge was acclimatised to the medium, addition of 100 
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pp.m* of sodium hydroxide to the waste being useful in producing 
satisfactory sludge properties. An addition of sludge of at least 12 
per cent of the effective tank capacity was desirable for the supply 
of sufficient microbial flora for rapid fermentations, contact 
between substrate and sludge being maintained as efficiently as 
possible by steady upward flow in the digestors* Peak efficiency of 
95 per cent was obtained by a loading of 0T lb* of B.O.D* per 
cu* ft. per day. In the case of trickling filters (used to finish 
off the effluent from the digestion tanks) R.Q.D. loadings of Q-2- 
8 lb. per cu. yd. of stone per day gave B.O.D, removals of 
58-40 percent respectively. Variations in rate of surface application 
of 800,000-6,800,000 gals, per acre per day produced no 
significant variations in R.0.D, removal* In view of the finding 
that such filters handled dilute effluents with greater efficiency 
than stronger liquors, cooling waters were used to dilute the 
influent to the filters* Optimum pH of influent in the trickling 
filters was 7-0, the efficiency falling rapidly at lower pH values. 
Below pH 6 0 the filters were clogged by a growth of wild yeasts. 
Sodium hydroxide was used to produce the correct pH. 

A detailed discussion of the disposal of waste waters from 
distilleries, breweries and yeast factories is presented by B. A. 
Southgate(5), who gathers together the information available in 
the literature up to 1948. The account shows that, in general, 
such effluents are best stabilised by primary fermentation treat- 
ment in anaerobic tanks followed by secondary treatment upon 
percolating filters. T he effluents are normally far too strong to 
be treated satisfactorily and economically directly upon perco- 
lating filters. Examples are quoted of the operation of disposal 
plants in Illinois (U.S.A.), Slagelse (Denmark) and Rotebro 
(Sweden) in w r hich profitable yields of combustible gas were 
produced from the preliminary anaerobic digestion tanks; the 
same author gives much information concerning the rates of flow 
used in the secondary treatments on percolating filters* 

Methods of chemical analysis used in the examination of 
effluents are given in considerable detail in the British Ministry 
of Health publication (6)* Probably the most useful figure to 
obtain is the Oxygen Absorption (O.A,) value which records the 
amount of oxygen absorbed from N/80 potassium permanganate 
solution (4 hr* at 26 3°C.). The Biochemical Oxygen Demand 
(B.O*D.) value expresses the amount of oxygen consumed from 
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a solution of oxygen in water after treatment for five days at 
18 3 & C The B.O.D. figure is often difficult to obtain with any 
accuracy* 

It is always possible that developments may one day enable 
these effluents to be converted into a source of profit. The annual 
wastage of salts in yeast factory effluents is very considerable. 
Recovery of solid matter from distillery slop has been investigated 
in the U.S*A* and elsewhere. Slop from grain distillation processes 
is used direct for cattle feeding in many parts of the world and 
for many years the spreading of such material over agricultural 
land to improve fertility has been practised* Recovery of molasses 
slop by evaporation to dryness has been investigated in many 
countries but such treatment is not normally an economic proposi¬ 
tion. Some attempts have been made to produce valuable materials 
by the dry distillation of the solids from such effluents and the 
manufacture of sodium cyanide in this manner has been practised 
for some years in Germany* 
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CHAPTER XXX 


SOME ASPECTS OF THE BEHAVIOUR OF BAKERS’ 
YEASTS IN PANARY FERMENTATIONS 

I N spite of the many fermentation studies which have been 
carried out using bakers' yeast and the voluminous literature 
which has accumulated in connection with the use of yeast in 
bread-making, many important aspects of the behaviour of yeast 
in panary fermentations have received scanty attention. The 
present chapter attempts to summarise a number of aspects of this 
interesting problem which appear to have been neglected in 
previous studies. 

The work described was carried out in an effort to clarify the 
mode of action of bakers' yeast in dough fermentations and to 
logicalise methods of yeast testing. 

When yeast is added to the other constituents of a dough a most 
complex system is set up and the action of the yeast in the sub¬ 
sequent fermentation is governed by many factors, amongst which 
may be included the following: 

(1) The composition and properties of the flour used, 

(2) The fermentative properties of the yeast employed. 

(3) The influence of physical conditions ( e.g . temperature). 

(4) The influence of materials other than yeast or flour used in 
the composition of the dough (e.g. salt, sugar sources, etc,). 

When yeast is made into a dough with water and flour the 
yeast is normally able to commence its fermentative action im¬ 
mediately upon the substrate formed by the available fermentable 
sugars present in the flour. These sugars, forming a small and 
variable fraction of the flour, usually consist of traces of glucose, 
maltose, and sucrose. In addition to these sugars there is present 
In the flour a variable quantity of levosin, a polysaccharide con¬ 
sisting largely of fructose with traces of glucose. T his substance 
is broken down and fermented by bakers 1 yeast comparatively 
easily and may be regarded as a readily available source ol sugar to 
most yeasts. Immediately the flour is moistened into dough the 
amylase system of the flour commences action upon the available 
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starch, breaking this down into dextrins and maltose* The 
considerable quantities of maltose normally formed in this way 
soon become available as a source of fermentable sugar for the 
yeast action. 

The rate of fermentation of the various sugars in the dough 
substrate depends upon the enzymic constitution of the yeast 
employed, the zymase and maltasc content of the yeast being of 
particular importance in this connection. It has been shown(1) 
that rate of gas production is considerably influenced by small 
quantities of mineral salts and vitamins normally present in Hour, 
the most important substances being magnesium, potassium, 
phosphates, sulphur, ammonium, and amino nitrogen, and the 
vitamins aneurin, pyridoxin, and nicotinic add. The presence 
in flours of substances having inhibitory effects towards yeast 
growth and fermentation has also been reported(2). Much work 
remains to be done to establish the relative importance of such 
interesting substances in practical bread-making. 

Whilst, from the fermentation point of view, the action of the 
flour amylases and yeast enzyme systems h of most interest, con¬ 
siderable changes take place at the same time in the protein 
structure of the dough. The gluten of the flour becomes hydrated 
and is then a suitable substrate for the action of the proteolytic 
enzymes present in the system. Flour is a rich but variable source 
of proteolytic enzymes w hich, during the course of dough fermen¬ 
tation, help to modify the proteins of the original flour to produce 
what the baker terms “ripeness” in the dough—the state in which 
the dough is ready to be placed into the oven for baking* Over¬ 
ripeness or over-modification of the flour proteins produces dough 
which breaks easily upon stretching, yielding a loaf of unsatis¬ 
factory volume and nature(3), Much speculation has been raised 
in the past concerning the possibility that proteolytic enzymes 
from the yeast augment the action of the flour proteinases in 
ripening the dough. The work of A. C. Olsen and C. H. Railey{4) 
suggested, however, that the proteinases contributed by sound 
normal intact” bakers’ yeast cells arc negligible in their effect 
upon the properties of gluten during a normal bread-dough 
fermentation* '1 his point has been examined in considerable 
detail in the course of the present work and the findings entirely 
bear out the work of Olsen and Bailey. 

\ a nations m temperature influence the panary fermentation 
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system in two chief ways* Primarily, the rate of fermentation and 
subsequent gas formation is a function of the temperature, 
and this has been discussed in detail in Chapter XIX and by White 
and Munns(5). The temperature also influences the rate of enzyme 
reactions taking place in the dough itself, the rate of diastatic action 
of the flour amylases being of particular importance in this respect. 
Superimposed upon the yeast-flour system in the dough may be 
the effects of additions of salt used to flavour the bread and 
"'condition” the dough and the effect of adjuncts such as sugars 
and malt extracts added to provide fermentable sugars for the 
yeast in case of deficiencies in the flour* The properties of the 
yeasts can be considerably influenced by such additions and, in 
particular, the varying reactions of different yeasts to the presence 
of salt in the dough have been noted. 


Flour Composition 

The variations in composition of flours milled from wheats of 
varying origin have been dealt with in many accounts [e.g. Kent’ 
Jones and Amos(3); Bennion, E. E*{6)]* The results detailed in this 
chapter, however, were obtained on commercial white bread¬ 
making flours supplied by British flour millers and variations from 
the analytical data quoted may, therefore, be expected from flours 
of other types, The fermentable sugars of the flour can be 
grouped into two fractions, the sugars initially present in the flour 
and the maltose produced by the flour amylase system when the 
flour is made into a dough. 

The initial sugar of the flour has been shown to consist of small 
amounts of maltose, together with a larger amount of non- 
reducing carbohydrate material which consists of a mixture of 
sucrose and a fructosan-type substance (levt>sin)(7). 

K. T, Williams and A* Bevenue(8) analysed the sugars in wheat 
flour by chromatographic methods and showed that fructose, 
glucose, sucrose, maltose, and levosin were present, A typical flour 
was found to contain 0 09 per cent glucose and fructose; 0-21 per 
cent sucrose; 0 05 per cent maltose, and 0 82 per cent levosin. The 
levosin was shown to be a mixture of at least seven compounds all 
containing fructofuranoside linkages. 

R. B. Koch, W. F* Geddes and F, Smith(9) also used chromato¬ 
graphic techniques to analyse the sugars present in wheat flour. 
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These workers found that a typical flour contained—fructose 
0*02 per cent; glucose 0 01 per cent; sucrose (HO per cent; maltose 
007 per cent; and rafiinose 0 07 per cent. The flour also Contained 
a high molecule fraction which yielded fructose and a little glucose 
upon hydrolysis (probably levosin); this fraction was not estimated 
quantitatively but Koch and his co-workers concluded that it is 
probable that the high values recorded for non-reducing sugars in 
flour are due not to sucrose but to this aciddabile polyfructosan. 

Paper chromatography has demonstrated the presence of both 
sucrose and fructosan in ice-cold water extracts of flour. Mild 
acid hydrolysis of such extracts converted these substances into a 
mixture of fructose and dextrose. It has been shown that this non¬ 
reducing sugar fraction (levosin) is comparatively readily ferment¬ 
able by most yeasts and, indeed, forms the substrate for the initial 
fermentative attack by the yeast. The analysis of many samples 
has shown that the initial flour sugars are present as follows: 

Free reducing sugars (as maltose) = 04-0-9 per cent. 

Non-reducing sugars (converted to a mix¬ 
ture of dextrose and fructose by mild 
acid hydrolysis). (Calculated as invert 

su g ar ) = 0-8-1 -8 per cent. 

Unfemmtabk sugars (after yeast fermen¬ 
tation) = 0-2-0 4 per cent. 

It has been shown experimentally that the non-reducing sugar 
fraction is normally fairly readily fermentable by most yeasts and 
most of the initial yeast action takes place upon this material. 

The addition of water to the flour enables the flour amylases to 
commence action upon the available flour starch. In most normal 
flours about 1-5-2*5 per cent of maltose is produced in the first 
hour (at about 30 C), A great deal more maltose (up to 5-11 per 
cent) may be produced during the next few hours, depending upon 
the time that the dough is left before baking and upon the diastatic 
activity of the flour and the amount of available (as distinct from 
total) starch present. The maltose present at the end of varying 
incubation periods at various temperatures is shown in Table 42, 
Gas production tests have demonstrated that up to 11 per cent of 
fermentable sugar can be produced in bread flours if the dough is 
left for a sufficiently long period (24 hr. or more). 

Summing up, therefore, it may be seen that the amount of 
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Table 42 

Maltose Production in Bread Flour Suspensions at Various Temperatures and 

Times (pH = 5'8), 


Temperature 

Maltose content of flour after period of Diastolic Action (%) 

0 hr> 1 hr. 

2 hr. 

j 4 hr. 

■ 8 hr. 

nrc 



1 46 

1-8$ 

20" C 


1 '78 

2 10 

268 

30° C, 


2’60 

■SB 

395 


Note,—T he results record the total reducing sugars (calculated as maltose) 
produced by incubating a flour slurry for the stated time and temperature. 
Flour slurry consists of 15 grm„ flour and 9S ml. ’water; at the end of the incu¬ 
bation period 1-5 ml of dilute sulphuric acid (1:5) and 3-5 mL of J5 per cent 
(w/v) sodium tungstate solution are added tp stop the diastatic action. The slurry 
is immediately filtered and the filtrate titrated! against Fehling’s solution, the 
reducing power being expressed as maltose. 

fermentable sugar in an average bread flour may consist of 1 per 
cent or rather more of a fairly readily fermentable fraction which 
may be regarded as being almost as available to yeast as sucrose 
would be, together with a variable quantity of maltose, depending 
upon the dough temperature and the length of the process before 
the dough is placed into the oven. This can amount to 2-3 per 
cent in a 4-hr. dough process. Such a process would thus have 
about 3-4 per cent of total fermentable sugars available for the 
yeast action. 


Yeast Fermentative Properties 

A study of the fermentation of dough by yeasts has shown that 
the dough fermenting efficiency or “baking strength”, as it is often 
called in the baking trade, is dependent upon four chief factors: 

(a) The zymase activity of the yeast. 

(£) The maltase (or, more correctly, malto-zymase) activity of 
the yeast, 

(r) The dispersability of the yeast 

(d) The “salt-sensitivity” or, more correctly, the “osmosensi- 
tivity” of the yeast. 

The zymase activity of the yeast Is a statement of the rate at 
which the fermentative enzyme system of the yeast can decompose 
dextrose into carbon dioxide and alcohol, and this can be estimated 
in practice by measuring the rate of evolution of carbon dioxide by 
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a standard weight of yeast iroin a standard d ext rose-vi tarn in s j 
mineral-salts solution in a standard apparatus at a fixed tempera¬ 
ture. In the ultimate analysis, the rate of gas production from 
dough depends upon the zymase content of the yeast, and high 
zymase contents are vital for fast-fermenting yeasts. 

I he maltase activity of the yeast can he measured by the rate of 
gas production from a standard maltose-vitamins-mineral-salts 
solution using a standard weight of yeast. The maltasc activities 
ol bakers yeasts vary very widely, depending upon the methods 
employed in the manufacture ol the yeast. Provided that all the 
other factors are constant, the higher the maltasc activity the 
greater will he the rate of gas production in the dough. 

Old \ easts, and yeasts which are heavily contaminated with 
infecting micro-organisms, when mixed with water often disperse 
with great difficulty and frequently the suspension is seen to con¬ 
sist of clumps of cells which are broken down w ith some difficulty, 
due to the mucous covering produced by the infecting bacteria. In 
such cases it is obvious that a proportion of the cells are unable to 
exert their full fermentative influence, for parts of the cell surfaces 
are often not in free contact with the suspending medium. When 
this medium is dough it would seem that the fermentation will he 
carried out in a large number of “pockets*’, each governed by 
clumps of cells, not homogeneously throughout the medium by 
single cells as with a normal yeast. It is likely that local deficiencies 
of sugars and other nutrients are more liable to occur than when the 
fermentation is carried out by a much larger number of individual 
cells (f with clean, fresh yeasts). 

In the zymase and maltase tests carried out in shaken suspen¬ 
sions the cells would have a tendency to disperse better than when 
incorporated into dough, and local deficiencies of sugar around 
tie cells would not occur. The norma! correspondence to be 
expected between the tests in dough and the tests in shaken sugar 
solutions would, in this way, be upset, for the yeast may behave 
less efficiently m the dough than could be expected from the 
results of tests in the sugar solutions. 

The tendency towards clumping of cells can be measured 
microscopically or by plating-out a dilute Suspension of the veasts 

upon nutrient-sugar-agar and counting the colonics of veast 
produced. 

When the zymase and maltase estimations have been carried 
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out upon yeasts which are satisfactory in their dispersion properties 
it has been found that comparisons between the results of these 
tests and dough-raising "baking tests" arc normally very regular 
when using an average llour and when no salt was used in the 
manufacture of the dough. When salt was used, as it always must 
be in bread manufacture, irregular results were found to be given 
by certain yeasts. The irregularity was found to be due to the 
inhibitory effect of the action of the salt towards the yeast fermen¬ 
tation in the dough. Such an effect has been termed "salt sensi¬ 
tivity”. As an example, if a yeast gives a normal "baking test" 
(see below) of 100 min, in normal (salted) dough and a test of 
9» min. in unsalted dough, the "salt sensitivity" is only 6 
min, and this is the normal result which is given by many 
bakers' yeasts. Some yeasts, however, are far more sensitive to 
the action of salt and can give "salt sensitivity 11 values m the baking 
tests of 20 min. or more. This property of the "salt sensitivity" 
has been found to be symptomatic of a more general "osmosen- 
sitivity" of the yeast, in which it has been found that osmotic 
influences caused by solutions of sugars and salts retard the rate 
of fermentation of the yeast. 

When yeast is added to flour and made into a dough it has been 
shown that the immediate fermentative attack is upon the pre¬ 
formed non-reducing sugars of the flour (sucrose and levosin 
fractions). These carbohydrates are first modified by the fructosi- 
dase hydrolytic system of the yeast and the hexoses produced are 
then fermented by the zymase complex present in the yeast. The 
rate of hydrolytic action of the yeast fructosidases is normally 
considerably greater than the rate of fermentation (zymase 
activity) and, thus, hydrolase activity never limits the rate of 
fermentation. The greater the zymase activity of the yeast the 
faster the initial sugar fraction becomes exhausted, and in most 
cases it is obvious that exhaustion takes place relatively quickly, 
leaving the maltose produced by the flour amylases as the final 
substrate for the yeast fermentation, A yeast having a high mal¬ 
tase activity will ferment the maltose at a greater rate than a yeast 
of poor maltase activity. The whole question of maltase activity 
in yeast is, however, of considerable interest and complexity due 
to the capacity of such baking yeasts to adapt themselves to the 
fermentation of maltose even if they do not initially possess maltase 
activity, f or example, Fig. 68 shows the rate oi production of 
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carbon dioxide from dextrose and maltose by yeast A* Zymase 
activity is greatly in excess of maltase activity* Rate of gas pro- 
duction in maltose is little initially, but the rate is constantly 
accelerating due to the adaptation 01 the cells to maltose fermenta¬ 
tion. At the end of the fermentation the yeast was recovered and 
replaced into a further maltose solution (Yeast 1)), in which case the 
gassing rate was rapid, even at the start of fermentation. This 



question is further complicated by the fact that flour and many 
other natural materials contain stimulatory substances which 
accelerate the rate of adaptation of the yeast to the fermentation of 
maltose, and the rate of'maltose fermentation in flour is faster than 
the rate of fermentation in synthetic solutions due to such 
stimulation.® 

Some further complication in the question of maltase activity 
is caused by the fact that, when a yeast having a definite maltase 
content is placed into a solution containing maltose and another 
fermentable sugar (say, dextrose, fructose, or sucrose), the yeast 


i- -mil- 
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selectively ferments the other sugar first and this has the effect of 
reducing the maltase activity of the yeast and, indeed* of some¬ 
times causing a definite “lag” between the fermentation of this 
sugar and the maltose* The lag period depends upon the relative 
amounts of maltose and the other sugar in the initial solution and 
Fig. 69 illustrates this point, using solutions of varying composi¬ 



te. 69*—Rates of production of carbon dioxide from 
solutions, of dextrose and maltose and mixtures of the 
two sugars. 


tion. The maltase activity of a highly maltase-active yeast may 
be somewhat reduced by the fermentation of the non-maltose 
sugar originally present in the Hour; addition of sucrose to the flour 
would, of course* make this point more especially significant. 

The above considerations tend to narrow the differences between 
the performances in dough of yeasts originally very different in 
maltase activity* The superior performance of a yeast of high 
maltase activity is* nevertheless* very marked, other conditions 
{zymase activity, salt sensitivity* etc.) being the same, 

A selection of results is given in Table 43* Comparisons arc 
shown between yeasts having similar zymase activities and greatly 
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Table 43 


Influence of Zymase and Maltese Activities of Yeast upon Performance in Dough 
and Sugar Solutions, (All tests at 39* C.) 



Yeast 

Dough Tests 

Time to produce 

460 ml. gas {min.) 

Sugar Solution Tests 

Time to produce 

460 ml. gas [min.) 


i a ) 

In dough 
tcith 4 grm. 
lidded salt 

<*> 

In dough 
without 
salt 

In 

Dextrose 

Solution 

/;) 

Maltose 

Solution 

A 

(Yeasts of low nuilta&e j 

56 

53 

40 

170 

B i 

activity 

71 

60 

51 

240 

C 

L Not osmosemitive 

64 

62 

55 

117 

D 

(Yeasts of considerable 

53 

51 

51 

72 

E x 

maltase activity 

54 

51 

58 

60 

F 

(Not osmose nsitive 

55 

51 

52 

67 

l \ 

( (Moderately osmosensh 

1 

63 

55 

53 

141 


cry osniosenshivc) 

123 

63 

60 

68 

I 

(An old yeast with poor 
dispensability) 

103 

OS 

61 

130 


Notes 

C and IL —The results of tests in imsalted doughs are those which 
could be expected from a consideration of the results of tests in sugar solutions, 
1 he addition of salt to the dough, however] reduce^ (be gas production rate 
proportionally to (he osmosensitivity of the yeast and the rate of gas production 
in the salted dough cannot he predicted from the enzymic activity in sugar 
solutions. 

Yeast /.—From the sugar fermentation tests a figure of about 70-75 min. 
could be expected, The figure of 98 is regarded as due to the poor yeast dis¬ 
pensability. Cell count examinations showed that the number of free eel Is in the 
sample had fallen by about one-third, from 6000 millions to 41)00 millions per 
firm, of yeast. 

varying maltase activities. Figures are quoted to show the time in 
minutes to produce 460 ml, of gas in dextrose and maltose solutions 
and in dough, this volume of gas being the amount produced in 
the standard dough fermentation (baking) test necessary to raise 
the dough to a standard height in the test container. All these 
tests were carried out using 5 grm, of yeast (5 lb, per sack). 

Variation in yeast usage rate 

Experiments were carried out with variations in yeast usage 
rate ranging from i to 5 grim in the standard test (per 280 grin. 
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Table 44 


Influence of Yeast Usage Rate upon Baking Strength of Yeasts of High and Lotv 

Maltose Activity 


Yeast Quantity Used 

Baking Test Time . {Aggregate of two rises) 

in Test (grm.) 

Yeast A faith Lotu 

Yeast B faith High 


Maltase Activity) 

Maltose Activity ) 

1 

im 

267 

2 

200 

175 

3 

164 

139 

4 

137 

114 

5 

114 

93 


-Note.—I n standard fermentation tests in sugars, 460 ml. of gas were produced 
as follows: 


Yeast A . From Dextrose in 60 min. Yeast B. From Dextrose in 58 min. 

Prom Maltose in 180 min. Prom Maltose in 62 mm, 

flour). This range is equivalent to 1-5 lb* of yeast per sack 
of flour. Yeasts used included samples with high and low maltase 
content. Typical figures are illustrated in Table 44, This shows 
that yeasts with high maltase activity give considerably better 
gas production than yeasts with less maltase activity when yeast 
usage rates of 2 lb. per sack (of flour of 280 lb,) and upwards are 
employed. 


Influence of Temperature 

Variations in the temperature of the dough fermentation have 
two major efleets, one being to vary the rate of maltose production 
by the flour amylases* the second being to vary the rate of sugar 
usage and gas production by the yeast. The variation of maltose 
production rate with temperature has been illustrated in Table 42, 
and this is an obvious factor in the complex fermentation reaction 
in that it provides part of the substrate which the yeast will fer¬ 
ment. The influence of temperature upon rate of total sugar 
usage has been discussed in Chapter XIX, and the rate of sugar 
usage and consequent gas production in dough have been con¬ 
firmed, Figures are quoted in Table 45* 

The vital importance in any yeast testing system of maintaining 
an absolutely constant temperature is emphasised by the following 
figures: 
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Tempera ture ( 0 C.) Ml, of CO^ produced per 

grm. of yeast per hr . 

32 570 

28 454 

The difference in rate caused by 4 J G\ over this testing: range 
was, therefore, 116 ml. of gas per grm. yeast per hr- In any 
comparative test, therefore, gas production at 32 X\ is 25 per cent 

Table 45 

Influence of Temperature upon Gas Production Rate in Dough 



ML of CO* produced 

femperatun "C T . 

per grm . of Yeast 


per hr * 

20 

230 

22 

2S5 

24 

343 

26 

400 

2S 

454 

30 

514 

32 

570 

34 

630 


faster than at 28 C. A normal dough fermentation test giving 50 
min. rising time at 28 C. would, thus, rise in about 38 min. 
at 32" C. or in 44 min. at 30 J C* Any practical baker when 
comparing yeasts must, obviously, control his temperatures very 
carefully if reliance is to he placed upon the results of such 
tests* 

A further obvious influence of temperature is upon the rate of 
degradation of the flour protein system by the proteolytic enzymes 
present in the dough. 


Influence of Salt, Sugars, Alcohol, etc* 

In bread-making, in addition to the flour, yeast, and water, the 
other normal ingredient is salt. Other ingredients such as sucrose 
and malt extract may sometimes be used. The former is little 
used in the Amish Isles but still finds favour in America. During 
the course of the panary fermentation alcohol is produced and 
this has an inhibitory influence upon yeast gassing rate. The 
influence of these factors upon gas production in the various tests 
was, therefore, investigated. 
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Salt 

Apart from its effect upon the yeast the 1 •tightening” or “astrin¬ 
gent action of the salt upon flour proteins is well-known and 
dough lacking in salt is soft and sticky. The salt, in addition, pro¬ 
duces bloom and flavour and may assist in inhibiting the growth 
of harmful bacteria, 

It has also been recognised for many years that salt prevents 
)east working too last in long-process doughs, and that it sup¬ 
presses fermentation generally if used in sufficient quantity. 
Reference has previously been made to the extreme salt sensitivity 
of some yeasts compared with others used under similar conditions. 
Table 46 records rates of gas production from the standard 
fermentation tests in dextrose using two yeasts, one being a fairly 
normal yeast, the other one of extreme salt sensitivity. The action 
of salt upon the maltase is more pronounced than that upon the 
activity of the zymase complex alone (Table 47). In the dough 
fermentation tests the salt exerts an effect upon both the maltase 
and the zymase systems of the yeast. T able 46 shows that similar 
cllects may be achieved by adding dextrose instead of salt, bearing 
tn mind that, from considerations ot osmotic pressure, 29 parts 
of fully ionised sodium chloride arc equivalent to 180 parts of 
dextrose (i>. approximately 1 ; 6). In the tests using salt additions 
4 grm, of dextrose were added as sugar substrate. The osmotic 
effect thus attained is the total effect of salt and dextrose. The 
comparison of the efieet of salt and sugar additions, therefore, is 
made by subtracting 4 grm. of dextrose from the total amount 
shown in the dextrose addition column, this being the normal 
sugar substrate, and comparing the edect given by the resultant 
amount of dextrose with the effects given by the salt additions, 

T hus, using yeast A, a total of 10 grm. dextrose (= 6 grm, in 
addition to 4 grm. normal substrate) has a very similar effect to 
that gh en by 1 grm, salt. Similarly, 2 grm. of salt have a 
\ et) comparable effect to that given by 16 grm. of total dextrose. 

The effects of salt are reflected in the dough fermentation tests, 

1 he quantity of salt in the dough is normally 4 grm, dissolved 
in 160 ml. of water, or thereabouts, to give an approximately 2 5 
per cent solution and the effects of this are broadly similar to those 
obtained by the use of 1 grm, of salt in the sugar fermentation test 
(in 40 ml. of solution) when variations due to the osmotic activity 
of the nutrient salts and to the test sugar are taken into account, 
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Table 46 


Influence of Sodium Chloride ami Sugar (Dextrose) Additions upon Rate of Gas 
Production given by Normal and Qsmostmitive Yeasts 


A 

Normal Yeast 

B 

Qtmotensiihe Yeast 

Gnu, Gas Grm. 

Gas 

Grm. 

Gas Grm. 

Gas 

Nad Pro- Dextrose 

Pro- 

NaCI 

Pro- Dextrose 

Pro- 

added duct ion added 

duclion 

added 

duction added 

duction 

ml 

ml 


ml. 

tul. 

O'O 500 4 

500 

00 

500 4 

500 

0-5 480 6 

495 

0 5 

435 6 

465 

TO 425 i 8 

475 

10 

285 8 

385 

1-5 f 340 10 

44U 

15 

150 10 

270 

20 255 12 

575 

20 

65 12 

165 

2-5 150 14 

325 

■—■ 

14 

70 

16 

270 

— 

16 

50 

20 

170 

■— 

20 

25 

24 

90 

““ 

24 

10 


NOTE.—Carried out in shaken synthetic solution using 5 grin, yeast and tntal 
volume of 40 ml. soluuon. The sugar and or salt were added direct to this solu* 
tion before fermentation. (In the experiments with salt addition 4 grm, of 
dextrose as substrate for the yeast action were added.) 


Table 47 

Influence of Sodium Chloride Adds Horn upon Rate of Gas Production from Maltose 
and Dextrose using Qsmosensitive Yeasts 


Grm. Nad 
added 

Gas (ml.) produced from 

(a) 

Dextrose 

(b) 

Maltose 


500 

500 

0-5 

420 

385 

TO 

250 

80 


Note. —Carried out in shaken synthetic solutions using 5 grm. of yeast and 
total volume of 40 ml. solution. Sugar source 4 gmi. of maltose or dextrose 
Salt added direct to fermentation before adding the yeast. 


It should, however, be emphasised that when water is added to 
flour in the preparation of a dough some of the water becomes 
"bound" to the flour protein. It is likely, therefore, that when 
a salt solution is mixed with hour the salt concentration may be 
increased due to removal of water as * ‘bound” water. 

f igures obtained in the standard baking tests using variations 
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Table 4® 

Influence of Salt Usage Rate upon Baking Strength of Normal and Osmosensitive 

Yeasts 


Salt used 
in 

standard 

Baking Test Time (min.) (Aggregate of tm rises) 

Normal Yeast 

Osmosensitive Yeast 

(a) 

(b) 



test 

(a) 

(b) 

(grm,) 

Usmg 2 grm . 

Using 5 grm. 

Using 2 grm. 

Using 5 grm. 

of yeast in 

of yeast in 

of yeast in 

of yeast in 


test 

test 

test 

test 

0 

179 

107 

141 

75 

1 

ISO 

108 

145 

76 

2 

1S2 

110 

150 

79 

3 

1S7 

112 

159 

S3 

4 

198 

114 

180 

90 

5 

213 

120 

215 

102 

6 

230 

134 

257 

130 


in the amount of salt used in the test are shown in Table 48* 
These figures show that a normal yeast, employing a yeast usage 
rate of 5 grm, in the test (equivalent to 5 lb. per sack of flour of 
280 lb.), is little affected by salt additions of up to 4 lb. per sack 
(4 grm. in the test), but that salt additions in excess of this 
amount have an increasingly inhibitory action upon the rate of gas 
production. Smaller yeast usage rates exhibit rather more varia¬ 
tion with corresponding salt additions. These effects are very 
considerably exaggerated when osmosensitive yeasts are employed 
in such tests. 

Sugars 

The effect of additions of increasing amounts of dextrose to 
standard zymase lermentations using osmosensitive yeasts is 
illustrated in the experiments shown in Table 46. The osmotic 
effect of equal amounts of sucrose and dextrose is m the ratio of 
their molecular weights and the effect of dextrose is, therefore, 
almost double that of sucrose. When relatively small amounts of 
sucrose are used in these tests the invertase action of the yeast is 
normally so rapid that the yeast will soon be surrounded by a 
solution of invert sugar rather than by sucrose. 

The addition of fermentable sugars to the dough fermentation 
tests may lead to complication of possible results depending upon 
the amount of sugar and the properties of the yeast used. In the 
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first instance* it is obvious that about 6 parts of dextrose would 
have to be added to be equivalent to 1 part of salt from the 
osmosensitivity aspect. Using 4 grm. of salt in the test (equiva- 
lent to 4 lb. per 280 lh t sack of flour) this would be equivalent to 
24 lb. of dextrose (or even more of sucrose) and would not be likely 
to be important from a practical point of view. 

Addition of small quantities of sugar—say, of 2 grm. of 
sucrose to the baking test (2 lb. per sack of flour)—can make con¬ 
siderable differences to the performances of various yeasts* Under 
these conditions, only the zymase activity of the yeast is initially 
of importance and this is the case until most of the sucrose is 


Table 49 


Influence of Additions of Small Quantities of Sugars to Dough Fermentation Tests 
using Yeasts of I-ligh and I.oil i Maltose Activity 


Yeast 

Time (win.) to 
produce 460 ml. 
of gas in Sugar 
solutions 

Sugar added 
to dough tests 


{a) 

Dextroes 

ib) 

Maltose 

A. (Low malta$e ao 

64 

sou 

Nil (Control) 

73 

ti V'it y and rnod crate 



1-5 grm. Sucrose 

66 

zymase activity) 



1-5 grm. Maltose 

73 




1—5 grm. Dextrose 

66 




5 grm. Malt 

71 




Extract 


B. (Low maltase but 

SI 

220 

Nil (Control) 

69 

high aymase ac- 



1-5 grm. Sucrose 

S3 

tivity) 



1-5 grm. Maltose 

69 




5 Rim Malt 

5iS 




Extract 


C. (High Maltase and 

46 

! 49 

Nil (Control) 

46 

high zymase ao 



1-5 grm. Sucrose 

46 

tivity ) 



1-5 grm. Maltose 

46 




1-5 grm. Dextrose 

46 




1-5 grm. Malt 

46 




Extract 



fermented away, when the maltase activity of the yeast again be¬ 
comes the factor which limits gas production. This point is illu¬ 
strated in 'Fable 49* Yeast A is a yeast of very low maltase activity 
and its performance in dough with a small quantity of sucrose added 
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to the flour (2 lb, per sack of 280 lb,) is considerably superior to the 
gassing rate of the untreated flour. Yeast C, however, having a 
very high maltase content, gives equal gassing rates in flour with 
and without added sugar. Such results are typical of many 
obtained with yeasts of high and low maltase content. The gas 
production rate of yeast B which is of high zymase but little 
maltase activity, is very greatly accelerated by addition of small 
quantities of dextrose, illustrating the inadequate amount of non- 
maltose sugar available in the flour to supply the needs of a yeast 
having these properties. The maltase activity of this yeast is far 
too low to make use of flour maltose or added maltose for gas 
production in such early stages of the panaty fermentation. 
Addition of malt extract, however, provides dextrose which im¬ 
proves the gassing rate. Malt extract and maltose additions can 
be seen to have no effect upon high maltase-high-zymase-active 
or low maltase-mode rate-zymase-active yeasts. 

The considerable effect which natural variations in flour sugars 
can exert upon yeast testing can be inferred from these results. 
Any flour having a high content of initial fermentable non-reducing 
sugar (sucrose-levosin fraction) will exhibit good gas production 
with highly zymase-active yeasts, irrespective of their maltase 
activities. Use of normal flours and flours w ith knv content of the 
non-reducing fermentable substances shows far better results 
when yeasts having a high maltase activity are employed for 
fermentation. 

Of theoretical interest are the results obtained by incorporating 
a large amount of sugar into a dough and fermenting with yeasts 
of differing osmosensitivity and varying maltase content. As 
examples, the figures in Table 50 may be quoted. 

A yeast of high maltase activity and considerable osmosensi¬ 
tivity may be seen to have a very' fast panary fermentation per¬ 
formance made slower by the addition of the sugar. On the other 
hand, a yeast of Iow r maltase activity giving a poor performance in 
the initial dough but having little osmosensitivity gives a con¬ 
siderably better performance when the sugar is added. 

Malt extracts 

Most malt extracts, in addition to maltose as fermentable sugar, 
contain an appreciable proportion of dextrose and a small propor¬ 
tion of fermentable malto-dextffn. Rates of gas production by 
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Fig. 70.—Fermentation of malt extract by yeasts of high and low 

maltase activity. 


Table 50 


Influence of Addition of Large Quantifies of Sugars to Dough Fermentation Tests 
using Yeasts of High and L<nv Mahase Activity ami Varying Osmose mi! kit y 



Time (rwiiiO to pro- 


Time (min.) to produce 


dtice 460 mL of gas 








Yeast 

in sugar solutions 

Sugar added to 
dough tests 




(a) 

Dextrose 

m 

Maltose 

of gas in 





m 

1. (High maltage 

5U 

55 

Nil (Control) 


66 

and zymase ac¬ 
tivity and little 
osmosensitivjty) 



25grm. sucrose 

50 

80 

2. (High maltase 

46 

55 

Nil (Cantroli) 

47 

82 

and Kymjiscac¬ 
tivity and con¬ 
siderable os- 



25grtn. sucrose 

66 

114 

moscnsirivjty) 






0, (Low maltase 

64 

200 

Nil (Control) 

73 

119 

and moderate 





zymase activ- 
ityandlitlleos- 
moscnsUivity) 



25 gran, sucrose 

66 

107 



fermentation of a malt extract solution by yeasts of high and low 
maltase activity are given in Fig. 70. 

When malt extracts are added to doughs, little differences in 
gas production rate are found when employing yeasts of high 
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maltase activity. A slight improvement of the gassing rate is seen 
when employing yeasts with little maltase and moderate zymase 
activity. Rather better results are seen when a yeast of high 
zymase and little maltase activity is used. Any improvements 
given in this way are due to the addition of dextrose to the system, 
for additions of maltose have no effect, (Table 49.) 


Alcohol 

In the standard sugar fermentation tests in synthetic solution 
an increasing proportion of alcohol is produced as the sugar is 
fermented and this has a slightly inhibitory effect upon the rate 
of fermentation when the alcohol concentration is sufficiently high. 
The effect of small proportions of alcohol is shown experimentally 
in the figures of Table 5L 

In practical baking, considerable amounts of alcohol are pro¬ 
duced in the dough fermentation. The effect of addition of 


Table 51 

Effect of Alcohol Additions upon Cos Production in Shaken Sugar Solution Tests 

and Baking Tests 


Grm, 
Alcohol 
added at 
Start of 
Test 



Relative Gas Production (ml.) 



Shaken Solution Test 


Dough Test 


(5 grm. yeast, 4 grm. dextrose 

40 ml. total solution) 

(280 grm. flour and 156 ml. 
footer, 5 grm. yeast ) 

0 

500 

400 

300 

200 

wm 

1000 

750 

500 

1 

430 

355 

260 

175 

BUS 

080 

735 

496 

2 

360 

305 

220 

150 

1400 

960 

720 

492 

3 

285 

245 

175 

120 

1350 

935 

705 

489 

4 

210 

180 

130 

90 

1300 

900 

690 

4S5 


Notes 

0) Two grm. of hexose sugar fermented produce a theoretical 500 ml. of COj 
and about 1 firm, of alcohol. The fias production tests in sugar solutions 
therefore produce about 1 grin, of alcohol in the production of 500 mb of 
gas, the gas production rale being reduced according to the increasing 
quantity of alcohol production throughout the tests. In the above scries 
the gas production rate is reduced still further by the alcohol added at the 
start, 

(ft) The baking tests employ about four times the quantity' of water used in the 
shaken solution tests, reducing the effect of the alcohol produced by fer¬ 
mentation considerably. Gas production is only significantly affected at the 
high gassing levels by alcohol content of the dough. 

(c) When comparing the results given by the separate tests the above must be 
borne in mind. 
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alcohol upon the gas production in dough was investigated and the 
results are also shown in Table 51, 

From a consideration of these figures it is apparent that the 
production of alcohol in the dough fermentation is sufficient to 
make the test only a minute or so slower than if no alcohol had 
been produced. The fermentation of hour sugar to produce 460 
ml. of gas for the “first-rise'* period of a baking test uses approxi¬ 
mately 2 grin, of sugar which, produces about 1 grin, of alcohol. 
This will become dissolved in the water used in the composition 
of the dough (150 ml or thereabouts) giving an alcohol concen¬ 
tration of 0-66 per cent* and this has little effect upon gassing rate. 
In the sugar tests the effect is rather more marked* due to the much 
smaller quantity of water employed in this test (40 ml. Instead of 
150-160 ml.). Production of 460 ml of gas in the test in this way 
gives an alcohol concentration of about 2-5 per cent, 'Phis explains 
the normal few minutes' superiority in the performance of a yeast 
in the dough test over the performance in synthetic solution when 
no deficiencies of enzymes and substrate are apparent, 

1 csts have been carried out measuring the gas production rate 
over a prolonged period of dough fermentation, resulting in the 
formation of far more alcohol and gas than would be likely in 
normal bakery practice. A typical set of values obtained is shown 
in Fable 52, It is difficult to reconcile figures such as these with 


Table 52 

Gas Production in Dough (Long Fermentation Period) 

{total gas production from doughs incorporating: (a) 280 grm. and (5) 100 grm. 
Hour; 5 firm, yeast. Temperature=30 s C.) 


Time from Start 

(hr.) 

CG t Production (mi) 

(a) from 280 grm, 
of fhur 

(b) from 100 grm. 
of flour 

10 

220 


15 

460 

460 

20 

760 


2-5 

1040 

1040* 

5-0 

1570 


3-5 

2020 

1410 

4 0 

2660 

1510 

5-25 

4010 

1740 

24 0 

8400 

3000 


v rcuucGu gas production rate *s apparent from this paint onwards due t 
■rtuge.ol su^ar. From this paint onwards the gassing rate 

governed by the rate of production of maltose by the floor enzymes. 
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the suggestions of some bakery text-books that the alcohol formed 
locally around the yeast cells is responsible for the rapid slackening 
and ultimate prevention of fermentation by the yeast. 

Proteolytic Activity 

Many tests have been carried out in efforts to establish whether 
or not fresh or old yeasts contribute significantly to the proteolytic 
system when added to a dough. The addition of a very small 
quantity of a suitable proteolytic enzyme (e.g. pancreatin) can be 
seen to cause great changes in the structure and properties of 
dough—softening and collapse of the gluten system becomes very 
apparent. The gas retention properties of the dough may be seen 
to become progressively poorer by following the gas production 
from a dough in a dosed system (see section upon Yeast Testing) 
and comparing this with the time the dough takes to rise in a bak¬ 
ing test tin. The addition of such proteolytic enzymes causes 
similar effects to those experienced with certain poor flours which 
obviously possess proteolytic activity' to a very marked extent. 
No such dough softening of this kind has ever been experienced 
when using a good flour and employing either new or very old 
yeasts over quite long dough fermentation periods. 

Old yeasts having extremely bad panary fermentation properties 
have been many times carefully examined, and it has always been 
possible to ascribe their bad fermentation properties to low 
enzyme content, poor dispersability or osmosensitivity. On many 
occasions doughs incorporating such yeasts have been incubated 
for several hours and then seeded with normal quantities of good, 
fresh yeasts, All such doughs have then risen satisfactorily and it 
has always been found possible to "knock back” these doughs 
once or even twice without collapse occurring (proper control 
tests omitting the stale yeasts hate always been carried out 
to keep in mind the characteristics of the flour in use). In 
similar fashion many tests have been carried out mixing the yeast 
with a stiff gluten paste and measuring the viscosity of the paste. 
No breakdown has been recorded in the viscosity of such pastes 
when measured in this wav, although traces of pancreatin cause 
large and quick changes. It has been concluded from such work, 
carried out over a long period, that the contribution of proteolytic 
enzymes by such yeasts is negligible under normal circumstances, 
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Similar conclusions were reached by the work of A. G* Olsen and 
C H* Bailey(lO), 

Inhibitory Substances present in Flour 

Reference has been made previously in this chapter to the 
work of Schultz, Atkin, and Frey, upon the presence in flour of 
substances inhibitory to yeast growth and fermentation. These 
workers emphasise the desirability of further investigations upon 
this subject, and the precise importance of the inhibitory substances 
in bakery practice remains obscure. It does seem likely, however, 
that flours vary greatly in their content of the inhibitory sub¬ 
stances and that the strain and method of culture of yeasts may 
considerably influence their susceptibility towards the action of 
the inhibitory 7 factors(ll). There are indications that wholemeal 
flours contain more inhibitory materials than flours of lower 
extraction rates. Further work upon inhibitory materials has been 
done by A. K. Balls and co-workers(12), and L, S* Stuart and 
T. H. Harris(13). 

Methods for Evaluation of Yeast Gassing Power 
(A) Methods using flour as substrate 

(1) "Dough fermentation” or ‘'baking test ” 

[In this test a standard quantity of flour (280 grm.) is em¬ 
ployed. The quantity of salt and yeast used may be adjusted to be 
equivalent to the amounts used in practice. For example, the use 
of 5 grm. of yeast and 4 grm, of sodium chloride in the test 
would be equivalent to the use of 5 lb. of yeast and 4 lb. of salt 
per sack of 280 lb. of flour in bakery practice.] 

Five grams of the yeast to be tested are weighed into a tared 
beaker and 156 ml of a dilute sodium chloride solution containing 
4 grm. sodium chloride are added to produce a homogeneous 
suspension of the yeast. The suspension is warmed to 30°C. and 
is gradually added to 280 grm, of flour in a mixing machine, 
(The fiour is normally incubated in air-tight tins overnight at about 
30 C.; the temperature of the dough after mixing must always be 
arranged to be 30° C.) The flour and yeast suspension is then 
mixed for precisely 4 min, in the machine and the resulting 
dough is completely and expeditiously transferred into a standard 
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baking tin and pressed down to a standard height by means of a 
stamping took (This complete operation must take precisely 1 
min.) The tin is then put into the incubator at 30°C. The 
humidity of this “proof 1 cupboard must always be 100 per cent. 

Note,—T he dough temperature should be taken after mixing and 
before stamping down in the tin and should be 30° C. exactly. 

The time taken for the dough to rise to a standard height in the 
tin (shown by a metal bar) is noted and this gives the “first rising” 
time. The dough is then transferred to the mixing machine, 
mixed for precisely 1 minute, replaced in the tin, stamped down 
again and put back into the incubator as before. The time taken 
for the dough to reach the bar for the “second rising" is noted t 
and the sum of the first and second rising times gives the “baking 
test” or “fermentation efficiency” of the yeast in dough. 

(2) Variations on standard baking test 

Variations may be made of the amount of yeast and salt used in 
the preparation of the dough. Such variations have been men¬ 
tioned in the text. 

In all cases the above tests have been carried out using cylin¬ 
drical dough test tins, diameter 4 in,, height 5 in., a test bar being 
hung across the top of the tin so that its lower edge is 07 in. below 
the upper rim of the tin. Under such conditions it has been found 
in practice that the volume of the test dough extended to the bar 
is 820 mL, its initial volume being 360 mL t dough swelling being 
460 ml. 

(3) Measurement of gas production from dough. {Enclosed Jar Test) 

The dough is prepared exactly as for the normal baking test but 

is then placed inside a 1500-ml. capacity wide-necked.-jar (pre¬ 
viously w ormed to 30° C)- The jar, closed with a gas-tight rubber 
bung, is connected to a second jar w hich contains liquid paraffin, 
both jars being placed in a thermostatically-con trolled water bath 
at 30" C, The second jar is fitted with a glass tube reaching almost 
to the bottom of the paraffin, and gas evolution expels an equal 
volume of liquid paraffin through this tube into a measuring 
cylinder. Measurement of gas evolution is made at regular 
intervals (say every 15 min.) and the test can be so arranged 
that about 1000 ml, of gas may be evolved in the test (this quantity 
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can be increased, if necessary, by employing larger jars), Cor¬ 
rections are made for temperature and pressure, 

(4) Cylinder tests using thin flour doughs 

A thin flour and water paste is made by mixing 2 parts bv 
weight of flour with 3 parts of water. The water should be used 
at such a temperature to ensure a temperature of 30°C, in the final 
slurry. To 100 grm, of the thin dough is intimately mixed a 
small quantity (say 0-5 grm,) of the yeast, Fifty ml of the 
mixture is then run into a 100-mL glass measuring cylinder and 
the rate at which the slurry rises in the tube is noted, keeping the 
cylinder in an incubator at W C Two or more yeasts may be 
compared for gas-producing power by this means so long as all 
temperatures, quantities, methods of mixing, etc., are strictly 
controlled. All cylinders used for this test must have the same 
internal area and shape and the cylinders should be warmed for a 
few r minutes in the incubator before use. 


(B) Methods using sugars as substrate in synthetic media 

Sugar solution and yeast are placed in a continuously-shaken 
300-ml conical flask and the gas evolved is measured by displace¬ 
ment of liquid paraffin into a measuring cylinder as used in the 
gas production method using dough. The reaction is carried out 
at 3f) J C. and corrections are made for pressure and temperature. 
Brisk continuous shaking of the reaction flask is necessary to 
prevent supersaturation of carbon dioxide in the fermenting liquid. 

The sugars used are either dextrose or maltose, the former being 
employed in the measurement of zymase activity, the latter for 
estimation of maltase (malto-zymase) activity. 

Five grm. of the yeast arc suspended in 20 ml. of water for the 
test and 20 ml. of v it am in-salts solution are added, containing; 


Sodium dihydrogen phosphate 
(NaH 2 PG 4 ) 

Magnesium sulphate 
Potassium chloride 
Asparagine 
Aneurin (Vitamin B x ) 
Pyridoxin (Vitamin B 0 ) 
Nicotinic acid 


u I I!. 

004 grm. 

0-4 grm, 

0-5 mgrm. J si 
0-5 mgrm, 

1*6 mgrm. 


• pH ac 
^precise! 
sulphui 
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Rate of gas evolution against time is plotted and, for com¬ 
parison purposes, it is useful to record the time required for the 
yeast under examination to evolve 460 ml. of carbon dioxide, this 
being the average volume of extension of the dough in the “baking 
test”. 

The composition of the medium may be varied to include 
sodium chloride in order to evaluate the salt sensitivity of the 
yeasts in question. 

The pi I of the medium must be accurately adjusted. The rate 
of maltase activity is reduced if the pH of the medium is allowed 
to rise above about 6 5, 

Comparative Value of Testing Methods 

From the discussion of the action of j'east in dough it follows 
that, whenever yeasts are tested in flour substrates, a system of such 
complexity is established that it is often difficult to separate 
differences in yeast properties from variations in dour charac¬ 
teristics. It is very important, therefore, to have methods in which 
the variable properties of the flour can be ignored and the testing 
of yeasts in defined synthetic media assume considerable impor¬ 
tance in this way* Thus, the zymase and maltase (malto-zymase) 
activity of the yeast may be accurately assessed, and records made 
one year can be compared with those made years later in similar 
tests, Such tests can include estimations of salt sensitivity. The 
dispersability of the yeast can also be recorded as free cells per 
grm. of yeast. 

The results of tests carried out in flour substrates, however, are 
only truly significant when a number of yeasts are compared using 
the same sample of flour. 

Variation in composition of the initial sugar fraction (both 
quantitatively and qualitatively), in the amylase content of the 
flour, amount of starch available for diastatic conversion, proteo¬ 
lytic activity of the flour, strength and composition of the flour 
gluten, vitamin and salts content are all possible and will all affect 
the nature of the substrate for the yeast action. Records of veast 
action in flour extending over long periods will, therefore, be 
varied by change in flour properties in addition to yeast 
characteristics. 

To the practical baker who wishes to test the action of a particular 
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yeast in a definite process in a particular flour , small-scale dough 
fermentation tests carried out under precise conditions naturally 
supersede any of the other tests. 

Several points arise which must be borne in mind when 
interpreting the results of the tests. 

Normal baking tests . Whilst it has been found that the average 
volume increase of the dough in the cylindrical test vessel is 
460 ml. the precise value of this figure depends upon finishing 
with a lump of dough of definite shape. This is not always 
achieved, the top surface in some cases being flatter than in others, 
due to differences in physical nature of the doughs (protein strength, 
wetness, splitting of the surface, etc.). Thus, even under the most 
carciul conditions of testing, the increase in dough volume has 
been seen to vary between extremes of 440 and 480 m3. Duplicate 
or triplicate tests arc desirable. The cylindrical test tin has been 
found far preferable to dough testing in the old "conventional” 
test tin which was oblong in plan, tapering from top to bottom, to 
produce a test loaf of normal shape. In this testing tin the final 
volume of the dough when the top reached the test bar depended 
not only upon the shape of the upper surface but upon the extent 
to which the dough filled the bottom corners of the tin. Volume 
variations have been found to be between 410 and 490 ml. in this 
test tin. 

The dough fermentation test takes no account of the loss of 
gas through the dough and this h a variable factor depending 
upon the physical properties of the dough. 

Enclosed-jar test. This test measures the total gas production 
by the yeast, that is, the swelling of the dough plus the loss of 
gas through the dough, The latter figure, with normal flours, 
usually varies from 20 to 40 ml, during the time that the normal 
dough swelling of 460 ml. takes place. When the same yeast is 
compared, therefore, in the enclosed-jar and normal baking 
tests there should be a tendency for the jar test to record the 
production of 460 ml, of gas slightly before the dough rises to 
its full volume in the 11 ‘baking test”. This is usually offset, 
however, by the fact that the pressure in the enclosed-jar 
test increases proportionally to the total volume of gas produced. 
This tends to retard the swelling of the elastic dough, an effect 
not found in the normal baking test which is subject only to 
atmospheric pressure. It has been found experimentally that this 
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increased pressure effect may retard the test by as much as 5 min, 
(for 460 ml. total gas)* 

Initial production of gas in dough is not accompanied by 
swelling* which only begins to take place when the elasticity of the 
dough is overcome by the gas* This effect may be compared to 
the blowing up of a balloon in which the initial swelling is difficult 
and extension becomes easier as swelling increases* For this 
reason the zymase test in dextrose solution always produces gas 
initially at a faster rate than the encloscd-jar dough test. 

Tests in sugar solutions. From the results of these tests it is 
possible to predict with some degree of accuracy the performance 
of the yeast in dough so long as the salt sensitivity and dis- 
persabilitv of the yeast have been taken into account* A yeast 
having high zymase and maltase activity should give excellent 
results in dough and* when comparing yeasts of equal zymase 
activity, the best results in dough may be expected from the 
yeasts with the highest maltase activity. 

Cylinder tests. These tests have limited value but are simple to 
perform and can be used to compare two or more yeasts with a fair 
degree of accuracy. When using these tests it is important to use 
the same yeast: Hour ratio as used in the bakery. Disprop optional 
use of yeast gives distorted results, particularly when using yeasts 
with very good malto-zymase activities* 
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CHAPTER XXXr 


IRREGULAR GROWTH OF YEASTS 

I t is normally found that when a sample of seed yeast cultivated 
in the usual manner in a series of nan-aerated or gently aerated 
culture stages is placed into a wort, growth proceeds for a period 
upon an exponential basis. Similarly, such a yeast seed is used in 
practice in incrementally-fed fermentations and growth can be 
made to be precisely exponential if the feed of sugar-containing 
nutrients is added correctly. In each of these cases, if the gross 
quantity of yeast present at the end of each hour is plotted against 
time a straight line relationship will be obtained upon semi- 
logarithmic paper and the angle of slope of the line will be propor¬ 
tional to the rate of yeast growth. (See Chapters XVIII and XIX.) 

Conditions, however, may exist in which these normal 
exponential growth relationships do not apply. Indeed, it has been 
found that, in some instances, considerable losses of yeast weight 
may occur during the preliminary stages of fermentation, in spite 
of the fact that sugar is being metabolised and that carbon dioxide 
evolution is occurring. Some of the conditions bringing about these 
departures from regular exponential yeast growth are summarised 
below. It is necessary to distinguish between yeasts which have 
been grown in several stages in incrementally-fed fermentations 
and yeasts grown by direct culture in a sugar-containing medium 
without exponential feed. The former types will be, for con¬ 
venience, designated as “incremental” yeasts, the others as “non- 
incremental” yeasts. 

Irregular yeast growth can be influenced by a number of factors 
including the following: 

(1) Types of yeast used as seed. 

(2) Concentration of nutrient medium. 

(3) Seeding rate of yeast employed. 

Yeast type 

The growth of a yeast in a sugar-containing wort is profoundly 
influenced bv the type of seed yeast used—that is, whether the 
seed yeast is an “incremental” or a “non-incremental” yeast. This 
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may, perhaps, best be illustrated by following the course of growth 
of a typical “incremental” yeast when this is placed into a fairly 
strong molasses wort. For example, a seed of nominally 25 grm. 
(actually 23-2 grm. at 27 per cent dry matter) was placed into 
l litre of 20 per cent (w/v) beet molasses wort (containing 4 grm, 
ammonium sulphate and 2 grm. of disodium phosphate dihydrate 
and adjusted to pH 4-5 with sulphuric acid). Aeration was main¬ 
tained throughout at a rate of 0-7 grm. oxygen per litre per hr, 
as measured in the sulphite test(1) (see Chapter XVIII), and the 
temperature was 30°C. Statistics covering the course of the 



Fig. 7L—Grwth of incremental and non-incremental yeasts in 20 per cent beet 
rn classes wort, (See Table 5,1 for fermentation statistics,) Semi-logarithmic Scales, 
Typical "loss", "recovery" and "exponential" stages may be seen in Stage A. 

fermentation are given in Table 53 (First Stage Growth)* From 
these figures it may be seen that the seed yeast employed had 
actually lost weight to a very marked extent during the first half 
hour in the medium (loss from 23*2 grm. seed to 21-9 grm. total 
weight after half an hour=8>2 per cent of initial seed yeast weight). 
Growth then commenced very slowly at first and at a gradually 
increasing rate until during the last 2 hr, or so growth was 
virtually exponential and at a comparatively high rate. At the end 
of the 6-hr, growth period the yeast was filtered and washed and 
reseeded into a second litre of 20 per cent molasses wort, precisely 
as before, at the same nominal seeding rate (this time at an actual 
seeding rate of 21-7 grm* per litre at 27 per cent dry matter), 
1 able 53 (Second Stage Growth) illustrates the growth statistics in 
this case. Growth of the yeast commenced immediately (there was 
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no loss of dry matter at the beginning of the fermentation) and 
continued virtually exponentially and at a fast rate until all the 
sugar in the substrate had been used, (See Fig. 71.) 

Table 53 

Growth of "Incremental" and “ Non-incrementaT* Type Yeasts in Aerated 20% 
(w/v) Beet Molasses Wort (with added Salts) 

At 3G D C. (Aeration = 0 7 grm. Oxygen per litre per hr. bv r sulphite test. (See&lso 

Fig. 71.) 


Time from 
start of 
fermentation 
■ (hr.) 

Seed 

Yeast 

Aq 

Gross 

Yeast 

A 

Net 

Yeast 

A-A 0 

Sugar 

Used 

(as invert) 

Per cent 
Net Yeast 
Yield on 
Sugar used 

A, First Stage. < 

Growth of 

i i i 

“Incremental" Yeast 

0-5 

23 2 

1 21-3 

-1-9 

3-0 

— 63-3 

10 

23 2 

21-7 

-1-5 

6 0 

— 25-0 

20 

23 2 

23 6 

04 

160 

2*5 

30 

23-2 

26 0 

2-8 

320 

8-9 

4 0 

23 2 

33-0 

98 

530 

18-3 

50 

23 2 

44-8 

21 6 

80-7 

26 b 8 

5 5 

23-2 

49-7 

26-5 

98-4 

27'0 

60 

23 2 

SSI 

31 9 

102-7 

31 2 


B. Second Stage. Growth of “Non- Incremental” Yeast 


0-5 

21 7 

23‘7 

20 

115 

174 

10 

21-7 

26 5 

48 

200 

240 

20 

21-7 

32-8 

1H 

446 

26‘7 

30 

21-7 

41-3 

19 6 

67-5 

2*40 

4 0 

21-7 

52-3 

30’6 

994 

308 


Hr. 

s 

r 

H 

(j-f 0-4764 

A. First Stage, 

Growth of “Incremental” 

Yeast 

0-0-5 

0-3514 

-0 1709 

0 843 

0 2700 

0-5-1 

0-2620 

0-0370 

1-038 

0-2800 

0-1 

0-2990 

-0-0667 

0 935 

0-2672 

1-2 

04013 

0 0838 

1-087 

04412 

2-3 

0-6003 

0-0969 

1 302 

0-6465 

3-6 

04890 

0 2504 

1-284 

0-6082 

B. Second Stage. Growth of “Non-Incremental” Yeast 

0-0-5 

0-9273 

01759 

1-192 

1-0109 

0-5-1 

0-5715 

0-2234 

1-251 

0-6779 

0-1 0 

0 8330 

0 1999 

1 221 

0-7380 

1-2 

0-6300 

0 2133 

1-238 

0-7310 

2-3 

0-5918 

0-2303 

1-259 

0-7014 

3—I 

0-5733 

0-2358 

1-266 

0-6855 


Note.—T he “non-incremental” yeast used in the Second Stage was the crop 
obtained arthc end of the First Stage, Yeast quantities expressed at 27 per cent 
dry matter, {See Fig. 71.) 
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Other interesting tacts regarding the experiments detailed in 
Table 53 are that the rate of sugar usage in the second stage 
growth was considerably greater than that during the primary stage 
and also that* although there was a considerable loss in yeast weight 
during the first half hour of the first stage, sugar was being 
metabolised and carbon dioxide was produced during this period. 
It was found that during this first stage a considerable quantity of 
sugar carbon was being converted by the yeast neither to alcohol 
nor to yeast substance but to by-products which accumulated for 
a time In the medium. 

Concentration of nutrient medium 

In a further series of tests still employing a nominal seeding rate 
of 25 grm. of yeast per litre, the effect of using varying molasses 
concentrations in the nutrient medium was observed. The con¬ 
centrations Investigated covered the range of 5 to 40 per cent 
molasses (w/v) and nutrient salts (ammonium sulphate and 
disodium phosphate) were added in proportion to the molasses 
concentration in the amounts previously shown. 

When ' incremental” type yeasts were seeded into these molasses 
solutions using similar conditions of aeration and temperature 
to those stated above, it was found that Josses of yeast dry matter 
weight occurred initially in proportion to the molasses concentra¬ 
tion employed. Typical results were as follows: 

Per cent molasses in solution Per cent loss of yeast dry matter 

50 OS 

10 0 2*5 

200 8*2 

400 1M 

Table 54 gives statistics showing the rates of growth and sugar 
usage, yields, etc., for these fermentations. From these figures it may 
be seen that, even after 6 hours' fermentation, during which a steady 
rate of sugar usage was maintained, the amount of gross yeast dry 
matter present in the 40 per cent molasses wort was still less than 
the amount added as seed. Since the initial loss of II I per cent 
of dry matter in the seed yeast there had been a growth of 1 1 grm. 
of yeast whilst 2T5 grm. of sugar had been metabolised. 

The smaller the concentration of the molasses wort the more 
quickly the yeast recovered from the initial loss of dry* matter. In 
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Table 54 

Influence of the Concentration of Nutrient Medium upon growth of "Incremental" 
type Yeasts in Aerated Molasses Solutions 
(Seeding Rate of 25 grm. of Moist Yeast per litre. 30^ C.) (Yeast Quantities 

given at 27 per cent Dry Matter.) 


Concentration 
of Molasses 
Wort 

[% (*#)] 


Per Litre 


c Per cent 

Susaj Mbytes, 

med Yield 

%f m ‘ an Sugar 

(as invert) iir J 



Concentration 
[% &fv)] 


(s + Q 476r) 


0-0*5 

0-5—1 

0-1 

1-2 


0-0-5 

0-5-1 

0-1 

1-3 



0-5677 

0-7776 

0-6887 

0-3551 


- 0-0211 

0-0294 

0-0041 

0-2691 


0-970 
1 030 
1-004 
1-309 


0-0 5 
0-1 
1-2 
2-3 


0-0-75 
0-75-2 
2 6 5 


0-3514 
0 2990 
0 4013 
0-6003 


0-0838 


563 
036 

0-0110 


0-4412 

0-6465 


0 4341 



5 per cent wort, for example, there was a slight positive yield at the 
end of a half hour’s fermentation and a rapid maximum growth 
rate was achieved in this concentration at the end of 2 hr. i he 
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inhibitory effect of the sugar concentration upon the rate of yeast 
growth in all the initial stages of the fermentation is apparent* 
The loss in yeast dry matter when placed in these media appears 
to be due to the withdrawal of solid matter from the yeast cells 
broadly in proportion to the withdrawal of cell water by the 
osmotic action of the external solutions. It has been shown that 
saline solutions extract considerable solid matter from yeast in 
addition to the withdrawal of internal water bv osmosis* 

Seeding rate 

Further series of investigations were carried out using the 
20 per cent (w/v) beet molasses wort solution (with salts) with 

Table 55 

Influence of Seeding Rate upon Fermentation Statistic-; using “ Incremental** type 

Yeast as Seed 

In Aerated 20 per cent (w v) Beet Molasses Wort (containing salts). At 30" (A 
(Yeast quantities at 27 per cent dry matter.) 


Seeding Rate 
(grift, moist 
yeast per 
litre) 

Hours from 
start 

Gross 

Yeast 

A 

Seed 

Yeast 

A 

Net- 

Yeast 

A — Aq 

Sugar used 
(gtVi. as 
invert) 

Per cent 
Net Yeast 
Yield on 
Sugar used 

10-0 

0-5 

88 

90 

“OS 

2 0 

- 40-0 


1 

97 

90 

0-1 

4 0 

2-5 


2 

112 

90 

16 

8-8 

18-2 


3 

13-2 

90 

3-6 

14-8 

24-4 


4 

IS s 

9-6 

6-2 

20 0 

31 0 


6 

27 8 

96 

18-2 

305 

59-7 

IS 0 

{10 min*} 

22 15 

232 

“1 05 

1-2 

— 87-5 


0 5 

213 

232 

—1-9 

3-0 

— 63-3 


1 

217 

23-2 

-15 

6-0 

“25-0 


2 

23 6 

23-2 

0-4 

16-0 

2-5 


3 

27-5 

23-2 

4-3 

32-0 

13-4 


4 

34'0 

23-2 

10-8 

58-0 

18-6 


5 

44-8- 

23-2 

21-6 

80-7 

26-8 


0 

551 

23-2 

31-9 

102-7 

31-2 

1000 

0-5 

85-2 

92 2 

-7-0 

14 5 

-48-3 


1 

! 864 

92-2 

— 6-1 

30-6 

- 20-0 


2 

920 

92-2 

0-4 

65-6 

0-6 


3 

107 9 

92-2 

15-7 

103 4 

15-2 

2U0-0 

0-5 

170 0 

193-0 

-23-0 

20-0 

-115 0 


1 

176 0 

193 0 

— 17-0 

47-6 

! -35-7 


2 

155 0 

193 0 

4- 2 - 0 

103 0 

20 

400-0 

0 5 

338 0 

368-0 

— 30-0 

388 

-77-0 


1 

348-0 

368-0 

-20-0 

8S-5 

-23-4 


1 25 

361 7 

368 0 

—6-3 

105-0 

— 6-0 
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Table 55 —continued 


Seeding Rate 

Hour 

j 

r 

H 

! (i+<M76r) 

too 

0-0’5 

0-5179 

—0*1471 

OS 40 



0-5-1 

0*3402 

0 1948 

1-215 



0-1 

0-4095 

00103 

1-0105 

0-4144 


1-2 

0-3968 

0-1457 

M57 

0 4661 


2-6 

0-1891 

0-2273 

1-255 


250 

0-05 

0-3514 

“0-1709 

0-843 

+0-2700 


0-5-1 

02620 

0-0573 

1 038 

0-2800 


0-1 

0-2990 

-0 0667 

0935 

02672 


1-2 

0-4013 

0-0838 


0-4412 


2-3 

0-6003 

0-0969 

1-102 



3-6 

0-4890 

0-2504 

1-284 

im 

100-0 

0-0-5 

04020 

— 0-1580 

0-854 

03270 


0-5—1 

0-3689 

0 0211 

1 021 

0-3790 


1-2 

0'3572 

0-0727 

1-075 

0-3918 


2-3 

0 3050 

0-1529 

1-165 

0 3778 

200-0 

0-0-5 

KSPRB 

-0-2543 

0-775 



0-5-1 


0069S 

1-072 



1-2 i 

0-2500 


1-108 

jiiis 

400-0 

o-o-s 

0-3017 

“0-1700 

0-844 

0-2208 


0-5-1 

0-2453 

0-0585 

1-060 

0 2732 


1-1 25 

01450 

0 1530 

1-165 

0-2180 


similar aeration and temperature but covering a very wide range 
of seeding rates (0*3 to 400 grm. per litre). Table 55 illustrates 
typical figures obtained when 1 ‘incremental 1 ’ type yeast was used 
for seed, With all seeding rates it was apparent that the initial loss 
in yeast dry matter was a fairly constant proportion of the seed 
rate employed. When using a small seeding rate (say 10 grm. per 
litre), however, recovery of the lost weight was rapid and growth 
became positive during the first hour of fermentation. As the 
seeding rate was increased an increasing period of time was 
required before the initial weight loss was made good by new yeast 
growth. At extremely high seeding rates (240 grm. per litre and 
above) no positive yield of yeast was obtained even when the sugar 
in the substrate had been completely metabolised. This point is 
illustrated in the following list which records the net yield of 
yeast (27 per cent dry matter) produced when all the sugar had 
been used in the fermentations. 
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Seeding Rate of Yeast 
{grm. per litre at 27 per cent dry matter) 

0 30 
10-0 
250 
500 
100 0 
200-0 
2400 
4000 


Per cent Yeast Yield 
on Sugar Used 

42-0 

37-0 

310 

200 

84 

20 

00 

-60 


When "non-incremental 1 yeasts were used for seeding purposes, 
however, the position was entirely different* Several series ot 
experiments were carried out using as seed a yeast which had been 
grown in 20 per cent molasses wort for 6 hr. Table 56 shows 
the rate of growth and sugEir usage when seeding rates of 
(nominally) 10, 25, 100, and 200 grm. per litre were fermented 
in aerated 20 per cent beet molasses wort (with added salts, 
as previously shown). In each case it was seen that growth 
was virtually exponential, the rate of growth diminishing with 
increasing seeding rate. The rate of sugar usage was greater with 
*'non-incremental M seed than with "incremental” yeast. 


Discussion 

Very important differences can be seen in the phy sical nature of 
the cells of yeasts grown in "incremental” and "non-incremental 
processes. When placed into sugar solutions containing nutrient 
salts "incremental” yeasts normally pass through a period of con¬ 
siderable cellular stress and change in the early part of the ensuing 
fermentation process before they stabilise themselves and reach 
equilibrium with their surroundings* A fermentation of this type 
can be divided into three separate phases* There is first a 'doss' 7 
phase in which a loss in cell dry matter occurs during the first few r 
minutes proportional to the concentration of the surrounding 
medium* This is followed by a lt recovery 77 phase in w hich the cells 
gradually overcome the effect of immersion in the medium and 
new growth (dry matter formation) begins, gradually at first and 
then at an increasing rate. Finally, when equilibrium with the 
surroundings has been achieved the truly “exponential" phase 
begins and this is ended only at the point when the sugar in the 
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Table 56 


Influence of Seeding Rate upon Fermentation Statistics using "Non-incremental" 
T * type Yeast as Seed 

In Aerated 20 per cent (w/v) Beet Molasses Wort (containing salts). At 30’C 
(least Quantities at 27 ner wnt rl nr n-inttAe \ 


Seeding Rate 
(grm. moist 
yeast per 
litre) 

Hoursfrorr 
start 

Gross 

Yeast 

A 

Seed 

Yeast 

A a 

Net 

Yeast 

a-a 0 

Sugar used 
| (grttiSi as 
invert) 

Per cent 
• Net Yeast 
Yield on 
Sugar Used 

10 0 

05 

12-0 

10-7 

i 

1-3 


2-9 ' 

45-0 


2 

16-6 

10-7 


5-9 

12 4 

47-5 


4 

J_ 

26-2 

10-7 

15-5 

38-5 

40-2 

250 

0-5 

| 23-7 i 

21-7 


20 

It-5 

17-4 


1 

| 26-5 

21-7 


4-8 

20-0 

240 


2 

32-8 

21-7 

1M 

41 -6 

26-7 


3 

41-3 

21-7 

19 6 

67-5 

29-0 


4 

52-3 

21-7 

306 

99-4 

308 

1000 

05 

117-0 

113 0 


4-0 

300 

13-3 


1 

121 4 

113-0 


8-4 ! 

56 8 

14-8 


2 

132-0 

113-0 

19 0 

98-8 

19-3 

2000 

05 

224 0 

214-8 


9-2 

49-0 

18-8 


1 

230 0 

214-8 

15-2 

76-0 

20-0 


1 25 

234-0 

214-8 

19-2 

99 8 

192 

Seeding Rate 

Hour 

j 

r 

H 

(s+0-4 76r) 

100 

0-0-5 

0-4000 

0-2294 

1 258 

0-5100 


0-2 

0-3580 

0-21% 

1-246 

0-4630 


2-4 

0-5110 

0-2282 

1-256 

0-6200 

25-0 

0-0 5 

0 9273 

0-1759 

1-192 

1-0109 


0 5-1 

0-5715 

0-2234 

1-251 

0-6779 


0-1 

0-8330 

0-1999 

1-221 

0-7380 


1-2 

0-6300 

0-2133 


1-238 

0-7310 


2-3 

0-5918 

0-2303 


1 259 

0-7014 



0-5733 

0-2358 


1 -266 

0-6855 

200 0 

0-0-5 

0-4898 

00695 


I 072 

0-5229 


0-1 

0-4498 

0-0716 


1-074 

0-4839 


1-2 

0 2923 

0-0838 


1 087 

0-3321 

200’0 

0-0-5 

0 4108 

0 0838 


1 087 

0-4507 


0“T 

0-3094 

00690 


1-071 

0-3420 


1-1 25 

0-3781 

0-0690 


1-071 

0-4110 


substrate is exhausted or when the products of the fermentation 
tend to produce an inhibitory phase. The time lag elapsing before 
the exponential phase is attained depends upon the concentration 
of the nutrient solution and if this is too high the exponential phase 
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may never be reached. The precise growth rate during the period 
of the exponential phase also depends upon the wort concentration 
but is particularly influenced by the seeding rate. The higher the 
yeast seeding rate the less the growth rate, particularly at very high 
seeding rates. 

The length of the initial 'loss’ f phase and of the "recovery’ 1 
phase is very greatly influenced by the seeding rate, Small 
seeding rates in worts of average concentration give rise to com¬ 
paratively short recovery phases, whereas with large seeding rates 
the recover}' phases may be so prolonged that the sugar in the sub¬ 
strate may he used before the exponential growth phase can be 
reached. 

When "non-incrementar yeasts arc used for seeding purposes, 
however, a very different state exists. If cultivated initially in 
wort of strength comparable to the wort in which the seed yeast 
is to he placed there is no "loss” or "recovery " phase and growth 
takes place entirely exponentially whatever the seeding rate 
employed. Some later work has shown that the precise growth 
behaviour of "non-incremental” yeasts depends upon the relative 
osmotic concentrations in which the yeast is primarily cultured and 
the concentration into which it is finally seeded. Thus* a "non- 
in ere mental’* yeast cultured initially in a comparatively low con¬ 
centration may pass through some slight loss and recover} phases 
if placed into a wort of considerably higher concentration than 
that of the original culture medium. 

“Non-incrementaT yeasts normally give greater rates of total 
sugar usage than “incrementar yeasts w hen placed into a medium 
of moderate or high concentration. 

It becomes apparent from the above that the behaviour of the 
yeast is a function of the environments in which it is initially 
grown and into which it is seeded. Yeasts grown by direct, non- 
incrementab culture apparently resist the influences which tend 
to produce "loss" phases when seeded into worts of considerable 
concentration, the precise behaviour of the yeast depending upon 
the relative osmotic concentration of the growth media employed. 
On the other hand, yeasts grown in "incremental 11 processes are 
never during their culture subjected to high concentrations of 
sugars and salts but are fed with small amounts of these sufficient 
to maintain a steady growth under conditions of incremental feed. 
Indeed, “incremental” yeasts may be regarded as yeasts which 
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during growth have been subjected only to an exceedingly small 
sugar concentration. Consequently, when such yeasts are placed 
into sugar solutions they appear to be unable to offer resistance to 
the concentration effects which produce the loss phase, the loss 
increasing with the concentration of the wort. Such yeasts do, 
howeverj pass slowly through a phase of recovery or acclimatisation 
to the medium. The rate of recovery is greater the smaller the 
seeding rate. With small seeding rates the new cell matter actually 
produced in the medium of high concentration is itself non- 
incremental in nature and the proportion of such new yeast 
produced (in a given time) to the original seed yeast is greater the 
lower the seeding rate. With increasingly low wort concentrations 
differences in the behaviour of incremental and non-incremental 
yeasts become less pronounced and ultimately disappear. Both 
yeast types develop exponentially in incrementally-fed brews, 
provided that the mechanical additions of nutrients are satis¬ 
factory. 

Examples have been quoted in C hapter XYIII of cases in which 
yeast growth is prevented from being exponential due to de¬ 
ficiencies of nutrilites (e.g. of biotin or pantothenate). 

In certain circumstances, yeast growth may be prevented or 
reduced to a great degree by manipulation of the pi 1 of the medium. 
Under some conditions the metabolism of the yeast is entirely 
changed in this way. Thus, in the well-known process for pro¬ 
duction of glycerol, the production of alcohol can be reduced or 
prevented by earn ing out the fermentation at high pi I values 
(alkaline conditions) with or without the addition oi sulphites. 

Production of carbon compounds other than ethyl alcohol 
(and carbon dioxide) from sugar by yeast action in unusual con¬ 
ditions has been mentioned previously in this chapter. There are 
indications that a considerable amount of the substrate is con¬ 
verted into neither yeast substance nor into ethyl alcohol (plus 
carbon dioxide) when maltose is fermented by some yeast strains 
at low pi I values, 

REFERENCES 
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YEAST OSMOSENSITIVITY 

W hen dough fermentation tests are carried out, with and 
without the use of salt in the dough, the results of such 
tests with some yeasts are almost identical whereas in other cases 
the fermentation is greatly retarded by the action of the salt. This 
"salt sensitivity” may be correctly termed "osmosensitivity” since 
it lias been shown that the gas-producing power of yeasts possess¬ 
ing this property is equally retarded by solutions of salts and 
sugars which have equivalent osmotic pressure. The maltase 
system of the yeast is normally more affected than the zymase by 
such osmotic action, but both enzyme systems can be strongly 
retarded in this way* The influence of osmosensitivity upon yeast 
behaviour in dough has been discussed in Chapter XXX. 

It appears that, broadly speaking, yeasts which have been 
cultured throughout several stages in exponential systems possess 
comparatively little osmosensitivity. Yeasts cultivated in non¬ 
increment al systems, however, are often osmosensitlve. Osmo¬ 
sensitivity appears to be largely an environmental characteristic of 
the yeast. An incrementally-cultured yeast of little osmosensitivity 
when seeded into a suitable medium can soon be transformed into 
a very osmosensitive yeast. Table 57, fur example, records the 
fermentation characteristics of the yeast crops taken off every hour 
when a seed of 25 grm. of “incremental” yeast was seeded into 
1 litre of aerated 20 per cent beet molasses wort (with added 
nutrient salts)* (The yeasts were tested in the normal dough test, 
using 4 grm. of sodium chloride and 5 grm. of yeast per 280 
grm* of flour.) It is of interest to compare these figures with the 
growth figures given in Table 53 (First Stage) for similar fermen¬ 
tations. 1 he figures quoted in Table 57 are the times required for 
460 ml* of gas to be produced in the dough tests (/T* for the 
“first rise " period onlyfi It is seen that, between the third and 
fourth hours of fermentation, the fermentation properties of the 
yeast crop in dough suffered a surprising change. A great degree 
of osmosensitivity was developed in the crop and this increased to 
a maximum at about the end of 5 hours 1 fermentation* During the 
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Table 57 

Performance of Yeast Crops in Dough Fermentation Tests (with and without 

Added Sah) 

At stages throughout the fermentation of 20 per cent Beet Molasses Solution 
(-hsalts) with seeding rate of 25 grm, per litre of incremental ycast t 30°C, 
[Compare with Table 53 (First Stage Growth) for yeast growth figures] 


Hours from start 
of yeast 
fermentation 

Dough Fermentation Test 

Time necessary produce 460 ml of 
gas 

With Sail Without Salt 

(min.) ; (nun.) 

“Salt Sensitivity" 
(mini) 

(using 4 grm + 
salt in Test } 

0 (seed yeast) 

72 

71 

l 

1 

70 

69 

1 

2 

68 

66 

2 

3 

69 

62 

7 

4 

138 

90 

48 

5 

158 

93 

65 

6 

77 

1 

66 

11 


Note.— Salt sensitivity figures increase enormously as the amount of salt 
used in the dough fermentation test is increased. Thus, if 5 grm. of salt were 
used in the test with the yeast crop taken off 5 hrs. from the start of the 
fermentation the time necessary to produce 460 ml. gas was increased to 250 
min.—that is, the salt sensitivity was 357 mm + {compared with 65 min. when 
only 4 grm. of salt were used in the test). 

last half hour of the fermentation the osmosensitivity of the crop 
diminished rapidly* 

Osmosensitivity is produced by the growth of yeast m a medium 
which possesses a high osmotic pressure and such osmosensitivity 
is increased as the yeast growth rate is increased and when the 
seeding rate is reduced. 

If yeast is separated from the fermentation of a wort during a 
period of growth at some definite growth rate and its osmosensi- 
tivity is measured (as “salt sensitivity” in the dough fermentation 
test) it has been discovered that the osmosensitivity of the crop 
is increased as the growth rate is increased. The relationship 
between the osmosensitivity of the yeast crop and the growth rate 
is illustrated in Table 58, These figures were obtained from a 
study of the growth of varying quantities of non-incremental seed 
yeast in 10 per cent dextrose solution containing a sufficiency of 
salts and nutrilites (at 30°C* with an aeration rate of 0-7 grm. 
oxygen per litre per hr,), but the relationship appears to be 
broadly valid whatever sugar is employed as substrate (dextrose* 
sucrose or maltose). 
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Table 58 

Variation of Gsmoscnsitivity with Yeast Growth Rate 


(Osmoseasitivity measured as "salt sensitivity” in. the "first rise” of the 
Doufih Fermentation Test, employing 5 grm, of yeast and 5 25 gnn, of sodium 
chloride per 280 grm, of Hour and 160 ml. of water. The time necessary for 
the production of 460 ml. of gas is measured in tests with and without salt, tlie 
difference in the times being the "salt sensitivity”.) 


Yeast Growth Rate 

Osmosensitivity 
(as "salt sensitivity") 

(H) 

(Hourly Increase Modulus) 

(min.) 

S 00 

25 

M0 

32 

MS 

42 

1-20 

65 

1-25 

100 

1-30 

135 

1-35 

180 

1-40 

230 

1 45 

280 


It appears from the above, therefore, that when yeast Is grow n 
in a sugar solution at a high rate of multiplication the enzyme 
system is elaborated in such a manner that some of the enzymes 
are rendered extremely sensitive to osmotic influences. No 
explanation to this very intriguing phenomenon has so far been 
advanced. It has, however, been shown that normal and osmo- 
sensitive cells lose water at comparable rates when immersed in 
saline solutions so that the problem does not appear to be one 
of differences in internal osmotic pressure. The diminution of 
osmoscnsitivity of the yeast in the last stages of a fermentation 
may indicate the rearrangement of cell contents from an unstable 
(osmosensitive) structure to a more stable form. 

Variations in the yeast growth rate may be obtained by varying 
the sugar concentration in the medium and by varying both the 
aeration given to the fermenting wort and the temperature of 
fermentation; all these factors have been discussed in Chapters 
XVIII and XIX. Considerable variations in both growth and 
fermentation rates may also be obtained by variation of the 
seeding rates of non-incremental fermentations and this is demon¬ 
strated in Table 59. These figures were obtained by the growth 
ot the varying quantities of non-incremental seed yeast in 10 per 
cent dextrose solution containing adequate quantities of mineral 
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Table 59 

Variation of Hourly Increase Modulus H, Growth Coefficient r t and Fermentation 
Coefficient s, with the Yeast Seeding Rate 

(Fermentation of 10 per cent dextrose solution containing adequate mineral 
salts and nutnlitea by varying initial amounts of non-incremental seed 
30° C* Aeration— 07 grim oxygen per litre per hr-) 


Yeast Seeding Rate 
(grin, per litre) 

Hourly Increase 
Modulus 

H 

Grozcth 

Coefficient 

r 

Fermentation 

Coefficient 

$ 

1 

1-44 

0-365 

061 

5 

1-40 

0 337 

0-59 

10 

1-37 

0-315 

0 58 

25 

1 30 

0 262 

0 56 

50 

T24 

0-215 

0-53 

100 

IT? 

0-157 

0-47 

200 

1-08 

0-077 

0-38 


salts and nutrilites with an aeration rate of 0 7 grm. of oxygen 
per litre per hr. and at 30° C* As the seeding rate was increased 
both growth rate r and fermentation rate j were reduced* 

The osmosensitivity appears to have some bearing upon the 
enzymic stability of the yeast cell. It is found that* generally 
speaking, the greater the osmosensitivity of the fresh yeast* the 
faster the yeast will deteriorate upon storage* 

The enzyme system elaborated during the growth of the cd! 
will certainly contain enzymes capable both of synthesising cell 
substance and degrading this substance and the nature of the 
reaction will be conditioned by other circumstances (e.g. whether 
the cell is present in sugar solutions or whether the yeast has been 
separated into a solid mass and stored at a temperature which 
could favour autolytic breakdown). As a high growth rate is 
accompanied by high osmosensitivity it is possible that the enzymes 
are elaborated in such a manner that the breakdown reactions are 
more easily accomplished as the osmosensitivity increases. f I bis 
might imply the presence of co-enzymes or enzyme activators 
in the osmosensitive yeast which are absent, or present only m 
small quantity, in the normal (non-osmosensitive) yeast ceil* 
Such activators may interfere with the fermentative enzyme 
systems of the cells when the yeasts are placed into solutions 
which possess high osmotic activity. Much work obviously 
remains to be done upon this problem. 
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Acetic acid bacteria, 345 
Acetobader, 23 f* 345 
Achromobacttr, 230 
AchroniobOCter awicrohium, 3 54 
Aetobacter, 230 
Atrobatter aer agents, 230 
Aerobncter cloacae, 230 
Agariaa campestris, 307 

Algae, 2, 307 

Ascomycetes, 1, 2, 3 
Ashbya gossyppii, 308, 312 
Aspergillt , 228 
7 

JjgiFf/ufifFii, 230 

wjflceranj, 231 
Fraiigiomj, 230 
ftywrjd/ifMW/, 230 
Uacteria* 2, 226-242 
£fat terium vermijarme, 10 
Basidiomycefes, 2, 7 
ifrrffonoifljwf, 7, io, 354 
j&re/fdNOmjtfei ifw.ve,tfeFiJti, ]0 
/« fllfr j r ih , 1 o 

Cow/ufa, 10, 11, 308, 312, 354 
Candida arfonea, 101 
Jiarfl-j, io, 308, 312 
gitilliermondta, 10, 308, 312 
pukherima, 300 
iropicalis, 301, 303 
Chilomoiitts paretmecintn p 307 
C/rfrirFij'Jowojttij, 307 
CA/oni/a 307 

CAKJWrf/nm jporo^fFJfj, 346, 355 

Debarycmtyces, 5 

Endomyca, 3, 300 
/liWoiJivttfi vttvaUs, 10, 300, 306 
Endomyceiaceue, 1 , 3 
Endomycoideae, 1 
Endomycopseae, 4 
Emhtnycopiu, 4 
Eremascoideae, 1, 3 
jFr^wajffif, 3 

Ertmotheaum ashbyii, id, 308, 312 
AVyjipWtfJ, 3 
/jjiJjmWijd /mrnirr, 230 
/iRiFrytfl'fj, i, 2 


Fiavobacteriim, 230, 354 
fVflUofertefffiHUi pi'oiflMMf, 354 
Fungi, ,2 

Ffwt^f Jwiper/efti, 1 
FutuniiJH, 2, 228 
Fuiarium rosea in , 228 

4, 7 

//tinjerju/tr, 5, 8 

OflOHlflJa, 301 
Hattsentda sttaveolens, 301 

Klochera, 7 

Lactobacilli, 10, 77, 78, in, 1 16, 128, 
^4>.354 

iflcfotacitfiw arabimsus, So, 82, 102, 
103, 114, 115; i22 > J ^i. ISO 
Ltidtofradifrrt easel, 77, 78, [02, 103, 

114 . 

Lactobacillus delbriickii, 234 
L actobadlfas ferment am , 118 
Lactobacillus helvetitus, 13 r> 123 

Micrococcus t 230 
Micrococcus Candidas, 230 
flaws, 230 
roseus, 230 
uaridju, 230 
MonUia, 227, 300, 334 
Manilia Candida, 300 
Mon&tporella, 3 
Moulds, 236-242 
Mucor, 2, zzS 
Mac or mneedo, 229 
Mushroom, 2, 307 
Mycoderma, 7, 8, 10, 227, 22f>, 334 
My coder m a ctrti isieie , 10 
Mycadenna vim f 10 
Mycomycctes, 2 
Mycototula lacs is, 30S 
Mycotorula fipoly (tea, 301 
Mycottimloideae, 7 
Myxowyceiei, 2 

Nadsouia, 4 
Nadsotiieae, 4 

AWfaromyeff reukaafii, 301, 306 
Xecta romy ce ta eta 6 , 5 
Nematospora, 3 
Nematasporaidecie, 1 
Nenrospora sitvphifa, 123 
Non-cu]ture yeasts, 226-242 
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Oidfuvi, 2, 229* 339 
Otdium amyceltca, 301 
teeth, 10, 338, 239, 301, 30& 
Wallroth, 301, 306 
Oomycetes, 2 
Qbspora, io h 306 
Osmophilie Yeasts, u 

Penicillin, 228 
Peranospora, 2 
Phyoomycetes, 2 
PichtOi S t 8 
Pityrpsporwn, 7 
Pleetascaks, 3 
Fleet omycetes, 3 
Proteus vulgaris t 230 
Pseudomonas f 230 
11 

PyrenQmycetes, 3 

Rhodotortda, 7, 354 
fflivdotorula gracilis, 7, ic, 301 h 306, 
307 

AfoGtfflJGrwfotefle, 5 
Phszopus, 2 

Saccharomyces, 4„ S, 14, 296, 297, 298 
Sacchctromyees cmamemis, io, 301, 308 
apiculatus, 10 
bayanos, 10 
bruxeilensis, 10 

carhbergemis, 9) 10, 8i f 226, 335 
cerevtsiae, 8, 9, io, 14, i8 k 78, 102, 
I0 3? 226, 227, 246, 295, 3°°> 
301, 302, 306, 308, 312, 317, 

319. 334, 335. 337, 359 
cerevm&e var, jestinam, 10 
f llipsoideus, 9, 297, 298, 354 
frogilis, io, 30 r p 308 
intermedins f 10 
Italians, 294, 297 

10, 300, 30i, 305* 308 

/fl£<w p 300 
9 

io, 354 


Saccharomyces pombe , 10 
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Packing of yeast, 72 
Panary fermentation, 321-333, 380- 
407, 419-422 

Pantothenic acid (jpe also Ymt 
nutrilites), 79 

p-aminotanzoic acid (j#e also Yeast 
numlites), 83 

Peptone method (for measurement 
of external water)* 148 
pH* 60—66, 106, 167-175, 215 
Pharmaceutical uses of yeast, 312 
Phosphate, 20-30, 58, 65, 210 

also Bakers 1 yeast, Nutrition 
and Brewers 1 yeast, Nutrition) 
Phosphorus, 20,, 58, 65, 210, 286 
Physical methods (in control of 
yeast growth processes), 207— 
225, 401-406 
Physiological tests, 8 
Physiology (see Bakers 1 yeast. Physio- 

logy) 

Pitching yeasts, 353-355 
Plant used in yeast production, etc,, 
a3”75* joy 

Bias mol yds, 162-175 

Poisoning of yeast, 75, 286-293, 

, 357^375 

Polarograph, 273 
Polyhedral celts, 184 
Potash (see also Bakers 1 yeast, 
Nutrition), 20-30, 286-2.93 
“Powdery” yeasts, 338 
Pressure, effect on yeast cell, 177-185 
Properties of yeast, 330-331 
Protein, 15-16, 317, 320 
Purine, 15, 85, 319 
Pyridoxal, 81 
Pyridofamine, 81 

Pyridoxin (see also Yeast nutrilites), 81 
Pyrimidine, 15, 80,85, 3°8 

Quaternary ammonium com pounds, 
74, 241, 357-375 

r ((Vrowth Coefficient) (see aha 
Yeast growth) 

Raw cane molasses (me Molasses) 
Recessive (allelomorphs), 294-298 
Reduction Division (meiosis), 295 
Refiners 1 cane molasses (see Molasses) 
Refrac tome ter, 1 1 
Refrigerated doughs, 330 


Riboflavin (Vitamin B s ) p 84, 89, 104, 
308, 312, 318, 350, 367 
Rubidium* 286-293 

s (Fermentation Coefficient) (iee also 
Yeast growth), 251 
Sak6, 9 

Sait (sodium chloride) used in 
taking, 221, 324, 327, 328-330, 
333,380-407,419-422 
Salts (sec Nutrient salts, Yeast nutri¬ 
tion) 

Salt sensitivity, 384-406, 41^422 
Sandwich spreads, 314 
Seeding rate (see also Yeast growth), 
422 

Segregation, 296 

Selection, 294-298 

Selenium* 286-293 

Separators and separation of yeast, 

13,43144, 54-55, 7o, M3 
Silica, 15 
Silver, 286-290 
Single spore cultures, 298 
Sludge (in molasses)* 53-56, 187* 214 
Sodium, 15, 20-3.Q 
Soluble solids, w, 313 
Somatic mutation, 297 
Souring (tee also Lactic souring), 52 
Souring of daces, to 
Specific gavity gradient tube, 145 
Spent wash, 23, 164, 216, 376-379 
Spoilage (by yeasts), 10-12 
Sponges (taking process), 327-329 
Spores, 1-9, 240-242, 295 
Spoliation, 9, 295 
Stainless steels, 53, 74-75 
Starch, 50, 321-333* 380-406 
Staubhcfen, 338 
Steel, mild, 74 

Steels, stainless (see Stainless steels) 
Sterilisation, 43-52,53, 54, 58, 69,71, 
73-75 

Sterols, 16, 17, 312,313 

Storage (of yeas t), 7 a~ 73 , 3 11 6 , 3 31 ■- 3 3 3 

Storage (of yeast cream), 71 

Straight-dough baking process, 327 

Strontium, 286- 293 

Structure (of yeast cake), 146-161 

Sucrose (see Carbohydrates) 

Sugars, Estimation of, 208 
Sulphates, 60-70, 212, 286-293 
Sulphite production, 97, 226-242 
Sulphites* 9, 241, 357-375, 418 
Sulphite liquor, a, 99, 303 
Sulphur, 15* 286-293 
Sulphur dioxide, 211, 241, 357-375 
Swelling of yeast cells, 162-175 
Syrup,11 
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Taxonomy of yeasts, 1-8 
Tellurium, 286-293 
Temperature 

Influence on yeast growth and 
fermentation, 275-279 
Influence on water content of cells, 
280-285 

Temperature of fermentation, 48, 62 
Thallium, 286-293 
Thiamin {see Aneurin) 

ThiazoLe, 80, 308 

Thorium, 286-293 

Tin, 286-293 

Titanium, 73, 287, 289 

Total solids. Estimation of, 209 

Toxicity, 286-293, J57 - 37S 

Trace dements, 24, 30, 10S, 286, 340 

Treacle (syrup), 313 

Tungsten, 286, 293 

Turbidity (in beer), ro 

Turbidometri-c methods, 133-145 

Ultra-violet sterilisation, 47, 241 
Unfermentable reducing sugars, 209 
Uranium* 286-293 

Vacuum filter, 44, 71 
Vanadium, 286-293 
Viscometric methods (of yeast assay), 
I 33 -I 45 * I53-T&T 
Vitamin D s „ 312, 319-320 
Vitamin production by yeasts, 308- 
3 ? 9 , 3 I 2 > 3 IQ. 3 i0 

Vitamins (see Yeast nutrilites, also 
mimes of the individual factors) 

Waldhof fermenter, 69, 309 
Water content of yeast celts, 146- 
161, 280-285 

Water relations of yeast cells* 
146-161,280-285 
Waxed paper, 43 
Whey, 10, 301, 305 
Wild yeasts (fee also Index of micro¬ 
organisms), 1-12, 226-242* 296 
Wine, 9 , 

Wood hydrolysates, 299-311 
Wort feed, 27-41, 42-52, 53-65, 
66-68, 554, 362, 408-418 

X-RAYS, 297 

Yeast 

(For names of Yeasts ice Index 
of micro-organisms ree also 
Bakers' yeast and Brewers 7 yeast) 
Cells, i-io, 16-19, 27-41. 116, 
133-206, 226-275, £80-285, 2 9 J i 



Yeast 

Cells: water content, 146, 280 
Colour, 186-206, 217 
Consistency, 146-161, 280-285 
Culture, 45 - 47 , 7i, 280-285, 3 02 
Dried, 312-316 
Food value, 317-320 
Genetics, 294-298 
Growth, 27-41, 42-75, 76-132, 
133 > £* 7 - 325 . 226-242, 243-274, 
275 “ i8 5 j s86, 293, 299-309, 

327 . 339-352, 357 - 375 , 408. 
419 

Growth, Irregular, 408-418 
Gum, 15 
Improvers, 72 

Nutrilites, 76-100, 101-123, 124, 
208, 213, 243-244, 249, 256, 258, 
275. 280, 287. 3'S* 339-354) 
367 - 370 . 373 

Nutrition, 13-26, 30, 50, 58, 63-65, 
66, 76-S5, 86-132, 212-213* 2 43. 
256, 275* 283, 286, 299-302, 306, 

_ 3*2, 324. 339-353, 4i 1 
Osmosensitivity, 384-406, 419-423 
Production, 13-75 
Products, 312-316 
Quantity, 133-145 
Yield* 14, 17-74, 85, l00 > 101-123. 
124-132* 133, 145, 154p 
224, 231, 243-274, 277-278, 28i, 
282, 286-293, 3*0-3 n, 366, 408 
Yeasts: 

(For names of individual yeasts see 
Index of Micro-organisms) 
Bottom, 335-337, 226 
Classification* 1-12 
Identification, 1-12 
In Baking, 321-333, 38^-407, 

419-422 

In Brewing, 10, 226, 241, 243* 
334-356 

In Nutrition* 317-320 
Industrial Importance of, 1-12 
Infection, 155, 226-242, 353 "355 
Nitrogen metabolism* 15, 16* 24 ) 
63-65, 125-127, 344* 348 
Top, 226, 335-337 
Wild (see Wild yeasts) 

Yield (of yeast), 14, 17-74. 86^ 10*1 
101-123, 124 - 132 ) *33 -1 -^ * 54 ) 
177-180, 224, 231, £ 43 - 274 . 

277-278. 281, 282, 386-293) 

300-311, 366-370,408-418 
Yellow enzyme, 25 

Zinc, 24, 30, 104, 211, 356, 286-293 

Zirconium, 286-293 

Zymase, 18-19, Z S> 3 J 6* 380-4*7 
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